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THE DISTRIBUTION OF N ABB US STBICTA 
IN RELATION TO PEAT 

By william G. SMITH i 

. {With Plates I and II and a Vegetation Map) 

Nardus siricta^ is a widely distributed grass on moor and heath, and it 
becomes a dominant or co-dominant species in plant associations which on 
preliminar)^ examination seem to have little relationship. This distribution 
has not tended to a clear concept in our literature of the position of Nardus 
associations. In Switzerland the distribution of Nardus has been frequently 
recorded by Stebler, Schroter, and others, with much the same result. Thus 
Brockmann-Jerosch ( 2 ) in summarising the Nardus stricta type points out 
that this abundant grass occurs in associations so varied that it is difficult 
to say anything comprehensive as to its habitat, and still more difficult to 
characterise the common features of the habitat. It occurs on dry, sandy, 
non-humous, porous morainic detritus, on Sphagmmi cushions on the ^^hoch- 
moor,” on dry humous hummocks amongst the grazing lands, and on raw humus 
in open woods passing over into Vaccinietum. The habitats range from those 
apparently dry or physiologically dry, to others which are usually described 
as moist; the substratum varies from pure humus lo soils without humus. 

This contribution presents our observations on the distribution of Nardus 
as a characteristic plant in a zone which follows the margin of peat moors in 
northern Britain. It was charted by Mr Maepherson as an almost continuous 
zone surrounding the upland peat plateau of the Moorfoot Hills in Peeblesshire, 
and in adjoining counties. The zone is so constant that it is represented on 
almost every “six-inch’’ Ordnance Survey sheet (1 : 10560) over this area 
of 120 square miles of south-east Scotland, We also know that there is an 

^ The original intention was to publish this as a joint contribution along with Donald Mae- 
pherson, B.Sc., who for nearly three years was field assistant in an Agricultural Survey promoted 
by the Development Commission through the Kdinburgh and Kast of Scotland College of Agri- 
culture. Mr Maepherson obtained a commission in the R.F.A., was wounded in France. on 
September 26th, 1917, and died in hospital on November 10th. The manuscript was prepared in 
the hope that he might be able to revise it, but this was not to be. The significance of the dis- 
tribution of Nardus was first perceived when we were in the field together in September, 1913, 
and Mr Maepherson included it in his programme. He prepared the field maps for the area and 
summarised his observations in a carefully kept daily log, which has been available for reference. 
The Nardetum was discussed from time to time, and I believe that this contribution represents 
Mr Maepherson’s views, although it is probable that b® could have added to the details from 
memory, W. G. S, 

* The popular names include bent, white grass, mat grass, mat-weed, wircj-grass, and nard. 
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2 The DistriJbvjtion of Nardns strieta in Relation to 

extensive occurrence of the same zone of Nardetum in other parts of Scotland 
and in the Pennines of northern England. It is further indicated more or 
less definitely in various other areas described by home and foreign authors. 

Nardetum Marginal to Peat. 

Nardus grassland is an important type of vegetation when considered 
from the point of view of stock-grazing. In itself it is one of the less valuable 
types of herbage, hence the necessity for observing its relation to other types — 
on the one hand its evolution, on the other its displacement by herbage of 
greater value. Nardus has therefore been charted in southern Scotland as 
part of a survey primarily intended to show the distribution of better and 
inferior types of herbage available for grazing. At first there was difficulty 
in defining the association because of the variation in the frequency of such 
plants as heather {Galluna vulgaris), blaeberry [Vacciniuin myrtillus), purple 
moor or blow grass (Motdnia), dwarf rush {J uncus squarrosus), and two com- 
binations of grassy herbage. After a sufficient number of records were obtained 
it became evident that there was a plant association characterised by domi- 
nance of Nardus strieta which resolved itself into a Nardetum zone marginal 
to areas occupied by peat and its vegetation, also that the distribution was 
determined largely by that of peat (Fig. 1). 

This is a facies of the Nardetum widely distribxited in the lower sub-alpine 
hill groups of northern Britain, and we have found the concept of great value 
in orientating the distribution of Nardus. Whether all grassland characterised 
by Nardus can be grouped into this facies is still an open question. There is 
reason to believe that the Nardetum may arise away from the influence of 
peat, on. poor leached soils, both those recently eroded and those recently 
deposited, but for the present these are not further considered 

Some observations bearing on this facies of the Nardetum are included 
in notes on the ''Grass Moor Association,” in Types of British Vegetation ( 15 , 
p. 282). This association is also indicated in the earlier memoirs on British 
vegetation by F, J. Lewis, M. Hardy, R. and W. G. Smith, etc.’^ The relation- 
ship of Nardus, Molinia, and other grassland species, to peat was more fully 
demonstrated by C. B. Crampton ( 3 ). Later the problem of the vegetation 
of retrogressive peat has been more fully discussed by C. E. Moss ( 8 , chap, 
viii). As to foreign literature, no useful purpose would be served by attempting 
to summarise the Nardus problem, but it may be noted that peat has been 
recognised as a centre of evolution. Thus Brockmann-Jerosch ( 2 ) and 
Riibel (11) have described alpine fen (Flachmoore) as marginally defined by 
a zone of Seirpus caespitosus, which passes over into a zone of Carex curviila 
and frequently into a second zone of Nardus. 

Peat which has been little disturbed by drainage or erosion bears plant 
associations characterised by Eriophorum spp., Seirpus caespitosus, Rubus 
^ For complete list of these, see (15), p. 3(37. 
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chdMaetfiorus (on higher plateaux), set in a matrix of cryptogams including 
mosses^ and lichens. Partial drainage, underground or surface, is indicated 
by an increasing abundance of Juncus squarrosus, Calluna, Erica tetralix, 
Vacciniuni myrtillus, and Em/petrym, with lichens and mosses of a more 
xerophytic type; these occupy the raised hummocks and slopes, while the 
more endemic moorland associations become restricted to the moister hollows. 
Where the peat margin is eroded abruptly into clilMike ''peat haggs^,” 
there is an abrupt change in the vegetation (PI. I, Figs. 1 and 2). The plants 
of the peat margin, generally darker in tone, occupy a slightly elevated 
tableland above the "hagg,'' while a few feet lower, below the hagg, the 
vegetation is grass-like, green, greyish green, or dingy white (according to 
season), because of the predominance of Nardiis sfricfa, frequently mixed 
with Juncus sqriarrosus, and concealing a lower undergrowth of moorland 
grasses, etc. (see list). The change from Erlophoruw-Scirjrus to the marginal 
ericaceous vegetation is generally gradual, that from marginal to Nardetum 
is sharply defined by the peat hagg. 

The evolution of drainage channels in peat has been described by 
C. B. Crampton ( 3 ) and C. E. Moss ( 8 ). The peat is undermined by under- 
ground water channels formed between the peat and the underlying clay or 
other substratum. As erosion contiifues, the upper layers bound together by 
vegetation are gradually lowered so that the bog becomes undulating with 
sink-holes, where Vaccinium myrtillus takes possession and still maintains an 
unbroken surface®. More prolonged erosion produces channels which the 
plant covering can no longer bridge, and a gully with marginal haggs appears. 
Further erosion forms constantly widening open channels generally floored 
with stones bedded in a mixture of sand, clay and weathered peat. Along 
the hagged edges the exposed p^eat constantly "creeps,’' and is so rapidly 
eroded that plants can effect no roothold, except here and there a patch of 
moss, lichen or alga. The peat margin is undercut and blocks of it fall from 
the higher level to the lower, still bearing growing plants of Calluna, Erin- 
phorum and others from the peat above. As the hitherto restricted drainage 
channels apj)roach the outer limits of the peat mass, the haggs lie wider and 
wider apart, and become merged in those hagged margins of the peat which 
are not directly derived from water channels. The peat area thus becomes 
defined by a sinuous margin of haggs which is generally used in charting 
areas of peat. The same limit will as a rule be found to define the upper 
margin of a zone of Nardetum which extends away from the peat for a shorter 
or longer distance (PI. II, Fig. 1). 

Many peat masses have some part of the margin not defined by haggs, 

‘ On peat the following have been frequently recorded: Sphagnum spp.:. Polytrichum communt, 
Aulacomnion palrntre^ CainpylopiiH fie^uoaus, Dicranum scoparium. and Ilypnum spp. (I). M.). 

^ A northern term in common use. 

® This is a common habitat for Cornus suecica on northern peat. 
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but merging gradually into the adjoining substratum so that the limits of 
the peat can be defined only roughly by means of a staff. These unbroken 
margins may be correlated with a gentler slope, although peat haggs are by 
no means limited to steep slopes. Wind is an important factor, and unbroken 
margins probably result from shelter, although this is not always obvious. 
Again, the unbroken margin frequently shows indications of greater soil 
moisture due to underground water which has not found the definite channels 
so potent in forming the peat hagg. The less abrupt change of substratum has 
its reflex on the vegetation, so that there is generally a broad transition belt 
drstitiguished by an increasing amount of Nardtis. In the case of a flushed or 
wet peat margin, Molinia caemlea is often the species indicating change from 
typical peat. 

The same transition may be seen in passing from the peat plateau upwards 
on to a higher knoll or summit. Nardus appears as a marginal zone on wasted 
and redistributed peat. The Nardetum may be continued upwards forming 
the vegetation cap of the knoll, but, in the case of higher summits this 
generally gives place to some other type, such as compact dwarf Vaccinium, 
alone or mixed with grasses and lichens, evidently better adapted to the 
more rigorous summit conditions. There is thus good evidence of the en- 
croachment of Nardvs on to peat from below and from above. Where the 
forces which erode the peat continue their action, the upper Nardetum will 
approach the lower, the peat will become broken up into islands of peat in 
a mass of Nardus, and the final result is a continuous area of Nardetum. 
The stages in the process can be observed in many areas of retrogressive 
peat (PI. II, Fig. 2). 

The peat hagg in the moor formation is to some extent comparable to 
the blow-out in the sand dune formation; in both cases a relatively stable 
and uniform type of vegetation is broken up and the substratum is redistri- 
buted. In the case of peat the chief dynamic agent is underground and surface 
drainage. When a fissure is formed on a pe^it surface, the original plant 
covering is not quickly restored. The fissure becomes a gully, and the evolu- 
tion of the peat hagg has begun. During winter the peat becomes water- 
logged, and creeps, thus forming a slimy slope. Outflowing water aids the 
process of erosion, and the exit of a water channel soon becomes a notch in 
the peat margin. During spring the surface of the bare peat is dried up and 
wind erosion begins. Thus throughout the year wind and water are active 
in breaking down and redistributing the peat. Sheep also tend to shelter 
under the haggs and by rubbing accelerate erosion. Sometimes the breaking 
up of a peat surface may be catastrophic. The occurrence of a ‘"moss-flow” 
or “moor-break” (Moorbruch), that is the slipping or movement of a con- 
siderable area of water-logged peat, could initiate an extensive system of 
peat haggs^. This opinion was expressed by P. Graebner ( 6 ) on the occasion 
^ The dislocated peat shown in Plato I, Fig. 1, suggests a moss*flow as its origin. 
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of the International Phytogeographical Excursion (August 1911) to an 
extensive area of retrogressive peat on the eastern base of CrossfelL If this 
view holds good for this area there are many other examples in northern 
Britain. 

There is thus much evidence that the original stabilised peat is being 
redistributed from a higher level over a lower zone which follows the peat 
margin* It is this redistributed peat that the Nardetum colonizes, forming 
a zone marginal to the peat mass. What has happened to the peat to bring 
about this sharp contrast between moor vegetation and Nardetum is not 
clear. The surface peat is certainly redistributed, so that one no longer finds 
the stratification present in undisturbed peat. The commoner case is to find 
the redistributed peat lying directly on a substratum of stones, sand, and 
clay. Less often the redistributed peat lies over a substratum of older peat 
still showing stratification, or with tree remains embedded in its basal 
layers. Provisionally it is suggested that the Nardetum is favoured by chemical 
and physical changes arising from the redistribution of the peat. This process 
would favour oxidation, so that the original raw humus of peat is carried 
a stage nearer to the final decomposition products characteristic of vegetable 
mould. Accompanying this there might be some liberation of nitrogen and 
of the mineral bases which are locked up and non-available in raw humus. 
But the liberation of such fertilisers cannot be great because Nardus is 
generally regarded as an indicator of poor soils, and our experience is that 
flushing with water relatively rich in mineral matter displaces Nardi^^s and 
brings a sward of finer grasses (PI. II, Fig. 2); other effects of inantiring 
Nardtis are given later. Another result of the redistribution of peat may be 
a change in the colloidal character which affects the water content^. A solution 
of the problem along edaphic lines seems the more probable. The Nardetum 
is too widely distributed to be traced directly to climatic or tojiographic 
factors. Nor can we find sufficient evidence to support the suggestion of 
several authors that sheep-grazing is directly responsible for invasion by 
the Nardetum. So far as the Nardetum marginal to peat is concerned, the 
factors involved in the redistribution of the peat appear to be the effective 
ones. There are many indications that land now occupied by Nardetum was 
formerly peat-covered; on the other hand it does not follow that all areas of 
Nardetum have arisen in this way. 

ECOLOGY OF NARDUS ST RIOT A, 

The chief characteristics of Nardus are here briefly summarised from 
various sources (Stebler and Schrdter ( 14 ), C. Schrbter ( 12 ), C. Raun- 
kiaer (lO), etc.). This grass is widely distributed from the mountainous 
areas of southern Europe and the plains of northern Asia onwards to West 
Greenland in the Arctic. In Europe it is included by Chodat as ^'Ubiquist,’’ 

^ This Journal: Notices of Publications, a, pp. 174 and 209, 3, pp. 178, 229, etc. 
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since it appears to be as much at home in the lowlands as amongst the hills. 
In Scotland Nardus decreases distinctly on the higher hills of the Highlands, 
although patches juay occur at altitudes over 3000 feet (1000 metres). 

The vegetative organs form very compact tufts made up of a system of 
horizontal rhizomes almost on the surface of the soil. The leafy and flowering 
shoots are firmly enclosed in thick tough basal sheaths which persist long 
after the foliage is dead, and these form the double or triple series of comb- 
like -teeth so characteristic of the rhizomes. The frequent branching of the 
rhizomes and the closeness of the shoots lead to considerable congestion, 
and as new organs are formed they become piled on the remains of the old 
ones; thus tussocks are formed which we have seen knee-high. Plant remains 
and wind-borne detritus are added, hence a colony of Nardus generally 
forms a thick mat or sod which extends peripherally and ousts all but a few 
rivals such as J uncus squarrosus, Vaceinium myrtillus, and in wet places 
Molinia caerulea. The humus mat furnishes, however, a substratum for 
shallow-rooted humus-frequenting species, such as Deschampsia flexuosa, 
Agrostis spp., Anlhoxantfmni, Luzula eampestris (vars.), Galium, saxatik, 
Potentilla erecta, etc. I'lie roots of Nardus are thick and cord-like, and the finer 
lateral roots are mycorhiza with an endotrophic fungus. These are also features 
of the moor and heath grasses Molinia caeruka and Triodia decurnbens, and 
it seems natural to correlate such roots with a humus substratum. Nardus 
is distinctly xerophytic with its thick basal sheaths, involute leaves, thickened 
epidermal structures and protected stomata. 

Some indication has already been given of the wide range of substrata 
frequented by Nardus. . The habitat conditions may be examined further 
through the influence of agents which have been used in controlling Nardus: 

(a) Influence of spring under. We have frequent records that a “flush,” 
the emergence of a spring on the Nardetum zone, brings a greener vegetation, 
characterised in the hill districts by Festuca ovina, Agrostis alba, Cynosurus 
cristatus, Hokus lanatus, and other grasses, along with a number of other 
species including Trifolium repens. Ranunculus repens, etc. (PI. II, Fig. 2). 
Somewhat similar is the alluvial grassland which follows the flood margins 
of streams from the Nardetum downwards. During summer these streams 
are maintained by springs, because in a normal summer peat no longer gives 
off water, and any streamlets from the neighbourhood of peat will be found 
to be more or less “hard” water. This is a marked feature in areas with 
a complex and crumpled geological structure, including various types Of more 
soluble rock, such as occur in the Silurian of southern Scotland and through- 
out most of the Scottish Highlands. The influence of spring water in restricting 
the Nardetum is also a marked feature of Mountain Limestone districts. 
The effect of irrigating Nardetum with glacier water is recognised in Switzer- 
land as a means of improving the grazing of the meagre and unpalatable 
Nardus vegetation. Brockmann-Jerosch ( 3 , p. 306) gives comparative lists 
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of the herbage of a Nardus grassland with and without irrigation; the effect 
is to reduce Nardus, Y accinium, etc. and to increase the proportion of better 
grasses (Poa spp., Phleum alyinxim, Festuca rubra) and other herbage (Tn- 
foliuni reperis, T, pratense, Ranunculus spp., etc.). J. Braun (1, p. J37) 
states that irrigation converts a sward of Nardus into Agrostis vulgaris. 
The converse case of irrigating alluvial grassland with water from peat may 
be observed where the discharge from surface drains from peat flows down 
a grassy stream bank; the line of flow is indicated by Nardus. 

(6) Manuring, Stebler and Schroter (14) state that manuring with 
farmyard manure quickly ousts Nardus. We have seen no case of direct 
manuring in this way without previous ploughing, but it is not uncommon 
to find knolls or slopes within the Nardetum which sheep use as lairs and thus 
manure heavily; the effect is to replace Nardus by a close grassy herbage. 

(c) Grazing, No stock graze Nardus by preference if other types of herbage 
are available, but in early summer there is a certain amount of grazing on the 
younger foliage of the Nardetum. The influence is more perceptible after a 
course of grazing by hardy hill cattle, whereby the Nardus becomes less tufted 
and forms a closer sward with a larger proportion of other plants. If the 
cattle are restricted by fencing, the herbage becomes less distinctly Nardus 
and more useful economically, but areas grazed in this way are not common^. 
Early in the season uprooted tufts of Nardus and Juyicus squarrosus are 
frequently seen where grazing takes place, but this has little effect on the 
herbage unless the grazing is continuously maintained. It has been stated 
by some authors that an increase of Nardus results from grazing. It is well 
known that Callurui is destroyed on tracks across the Oallunetum, Nardus 
frequently replacing it in drier places, Molinia in wetter parts. Graebner 
(4, pp. 122 and 168) refers to increase of Nardus as a result of grazing, and 
states that the larger areas of Nardetum in North German} are places long 
grazed. J. Braun ( 1 ) from observations on the Massif de rAigoual concludes 
that the extension of the Nardetum is a result of excessive grazing by sheep. 
The area long used for pasturage is an extremely poor Nardetum. This is 
clearly defined from ungrazed areas where Deschampsia jlexuosa with many 
flowering plants forms a luxuriant sward, which represents the first stage 
towards reconstruction of beech forest as the result of protection from grazing. 
The evolution of the Nardetum is a survival of the fittest, only the plants 
more resistant to grazing are maintained. Thes^^ observations indicate that 
Nardxis when actually grazed, (or mown) tends to be checked, but that in- 
directly the continuous grazing of a mixed vegetation, including Nardus, 
tends to eliminate certain plants and to favour others, notably Nardus, 
in habitats where the substratum is suitable. As regards the Nardetum 
marginal to peat, now under consideration, its distribution cannot be traced 

^ Stabler and Schroter state that when a Nardetum is regularly mown, Nardus is suppressed, 
and conversely if left unmown it increases. 



8 Wfm q stricta in Relation to R^t 


to excessive grazing. The sheep are not confined to the Nardetum, because 
the grazing area of a flock-unit is arranged to include various types of herbage 
(flush and alluvial grassland, Callunetum, Eriophoretum, etc.). It has fre- 
quently been noted that while other types of herbage are dotted with sheep, 
the Naifdetum is avoided. Nor is there any need for excessive grazing, for 
the nuihber of sheep assigned to an area of rough hill pasture is rarely one 
sheep per acre, and is frequently three acres per sheep, and on the higher 
hilla the grazing season for the Nardetum extends at the most from April 
to November. 


(d) Burning. The direct effect of burning the Nardetum periodically is 
to reduce the tussock character of Nardus, to increase its grazing value, and 
to favour a larger proportion of other grasses and herbage. This effect is 
the more marked the oftener the burning is done, because Nardus is only 
affected for one year and soon resumes dominance. We have seen the herbage 
of the Nardetum maintained in excellent grazing condition by periodic 
burning every two or three years. Indirectly, moor burning may be responsible 
for the extension of Nardus. The Callunetum or heather vegetation is the 
plant association to which most attention is given, and every year considerable 
areas of this are burned over in spring. The object is to destroy old heather 
and to encomage the growth of shorter and more vigorous heather for grouse 
and sheep. When Calluna is burned while still vigorous (the period varies 
from 10 to 15 years) the recovery is rapid, and in two to four years there 
may be a close carpet. But when the heather burned is aged (generally over 
20 years), the recovery is slow, and meanwhile a series of colonising plants 
take possession ; these include Vaccinium myrtillus, Erica tetrnlix, Deschampsia 
jlexvosa, Agrostis vulgaris, Galium, saxaiile, Pteris aquilina, Molinia caertdea, 
or Nardus, according to the type of soil. Nardus tends to colonise soils with 
a peaty surface; and where Calluna does not recover for several years^, 
Nardus may form extensive patches which tend to remain permanently as 
centres of invasion.' It is a common opinion that hills which once carried 
heather are now covered with Nardetum. It is also the case that during the 
years after burning the humus covering is much wasted, and this favours 
the Nardetum. 


NARDUS PLANT COMMUNITIES. 

The charting of plant communities with abundance of Nardus presents 
some difficulty in the field. Transitions to other moor and heath types are 
gradual and may cover extensive areas. In dealing with such transitions it 
is necessary to have a standard series of fixed types, that is types which 
are easily recognisable and have a relatively fixed composition. Some of these 
fixed or stable types are already recognised in vegetation surveys, e.g. Cal- 
lunetum, Eriophoretum, Vaccinietum, etc. In the more recent surveys we 

^ Places burned ton years ago have been observed still almost devoid of heather. 
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have found it necessary to establish other types which break up the hill 
pasture or rough grassland into associations more indicative of their economic 
utilisation. 

The following is now used as the ground-plan for the northern hills (see 

Fig. 1). 


Emerging | Grassy 
summits 1 


Vaccinium 


Arctic alpine 


Plateau 


Nardus zone or sunfmit 

I 

PEAT (peat communities) 
Peat margin {Calluna, etc.) 


ardetum 


Valley | 

slopes I Gra3<heath . 



Moliriiet^ji 

Vaccinietum Calluneturn Flush and alluvial grasslaiuls 


The peat plateau is a convenient base-line for hill surveys, hecaiise it 
occurs on almost all the lower hill-ranges of ccmtral Tlritain, and the 
topography is such that the. peat plateau occurs at altitudes round about 
2000 feet (610 m.), as on the Pennines, the various hill-ranges of the Border 
country and southern Scotland, the central ranges (Sidlaws, Ochils, Campsie 
Fells) of Scotland, and the foot-hills of the Grampians. On these and similar 
ranges, a few isolated summits, generally limited in area, rise above the 
peat plateau, while below it the valley slopes descend to some stream. In 
the Highlands peat deposits are still more extensive, but it is only where 
the watershed area is broad and relatively flat that peat forms a summit 
plateau, e.g. the 3000 foot plateau on the boundaries of Forfar, Aberdeen, 
and Perth. More frequently the plateau topography is interrupted by a range 
of rounded or conical summits, hence the distribution of the peat takes the 
form of terraces on the slopes, and peat-bogs often with bog-pools (dubh- 
lochans of Crampton), between the summits. 

J’assing upwards from the peat, the Nardetum on redistributed peat forms 
a zone marginal to the peat. Where retrogression of peat is far advanced, as on 
the lower ridges, the Nardetum may occupy the summit (Plate II, Fig. 2)h 
Complete erosion of the peat leads to disappearance of Nardiis, and the summit 
vegetation of the lower ranges is characterised by pure Vaccinietum, or by a 
turf (more or less complete) of grasses, Vaccinium , etc., all in a dwarf condition 
and with a considerable proportion of xerophytic mosses and lichens. In the 
Highlands the higher summits are occupied by the arctic-alpine plant forma- 
tions ( 15 ). Most of them have probably never been peat-covered, but where 
erosion of peat can still be seen in progress on the 3000 foot plateau of the 
Aberdeenshire hills, the place of Nardus is taken by a close sward of Carex 
rigida and dwarf grasses (e.g. forms of Festucxi ovina, DescJiampsia caesjntosa 
and D. Jlexuosa). 

^ The Nardus summit is referred to in several of the British Botanical Surveys, e.g. W. a. 
Smltli and W. m. Rankin, Yorkshire^ Part ii, 1903; W. a. Smitli, Forfar and Fife, 1904- 5; 
O. B. Moaa (1913), p. 193. 
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Fid, 1. \ egiiktioii map sliowiiig 
pait of the Moorfoot Hills, 
Piieblessliire, reduced from six- 
inel) field maps. (1; 2:1050 or 
appro, \. I! iiielies to one mile,) 
The main watershed towards 
the north (top) is peat with iso- 
lated summits, of which only one 
spur-summit (lS') lies within the 
aiea. The threis streams How 

southwards from the water-shed, 

and join to form the Leithen 
Water, a tributary of the Tweed; 
in the up[)er right-hand eurner 
a stream Hows northwards. The 
veg(!tation of the middle valley 
is , shown on both banks, that of 
the east and west strear's on 
one bank only. Contour lines in 
feet (=;':j28 metres) are dotted, 
exeiipt where the contour iias 
been taken as the boundary of 
a plant association. TIk' vege- 
tation of the peat is described 
on pp. 2-4; that of ty[)(is other 
than Nardetum onpp. !)-12. 
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Below the peat zone the Nardetum abuts on the six fixed types shown in the 
scheme, and presents transitions to each. The area selected (Fig. 1) shows the 
Nardetum adjacent to four types, the other two are present but not extensively 
enough to be mapped. In order to ascertain the composition of the Nardetum, 
a plant census was made from forty-eight lists in which Nardiis stricta is a 
dominant or a conspicuous species. Nineteen of these lists from our Nardus 
zone show a marked dominance of Nardus alone, and the following is regarded 
as the composition of the typical Nardetum marginal to the peat zone: 


Nardus stricta, L. 

DescJuimpsia Jiexuosa, a. (18) 

Agrostis spp.-* a. (17) 

AnOurxanthum odoratum, o. to a. (11) 
Festiica. omna, or F, rubra^, o. to a. (9) 
Galium saxalih, o. to a. (14) 

Potentilla erecta, o. to a. (14) 

L(^h 8 abundant species: 

(Uircx 0(K)denowii 
Car ex binervis 
EriopJajrum imgi n atww 
Blechnuw spicaiU 


Dominant. (19)^ 

! Vaccinium Myrtillus, o. to 1. d. (17) 
! Calluna vulgaris, o. to 1. a. (10) 

J uncus squarrosus, o, to 1. d. (12) 
Luzula multi flora, o. to a. (12) 
Molinia, coerulea, o. to a. (4) 

Polytrichum commune, a. (6). 

/ 

Sphagnum spp. 

A ulacomnion palustre 
Dicranum spp. 

Campylopus spp. 


The remaining lists in the plant census show Nardus as a co-dominant, a 
subdominant, or an abundant species. The species recorded are almost the 
same as in the Nardetum, with this difference that there is an increase in the 
dominance of the characteristic species of some other type, e.g. Molinia^ 
Calluna, V accinium , etc. It is a feature of the Nardetum lists that the species 
are all widely distributed, not only according to distribution in area, but also 
as regards distribution through various plant communities. The lists might be 
described as lacking in character, since there are no '‘endemic” species. 

As a working hypothesis, we assume that a co-dominance of Nardus with 
Calluna, Molinia, etc, indicates a transition zone. Such a zone may indicate 
one of two things. It may mean that a temporarily dominant plant (cf. 
Psamma in the sand dune formation) is in process of displacement by some 
plant community later in the succession. Transition may also mean that the 


^ Figures in brackets show the number of times the species was recorded. The number of lists 
could be considerably inevreased, but after the composition of the Nardetum had been ascertained 
the records became limited to “Nardus as usual.” 

- Agrostis rndgarls is the more frequent species, but there is much variation in the specimens 
examined. Some forms might be referred to Ag, canina, others agree more closely with the type 
generally described as Ag, alba. 

^ Festuca ovitw and F, rubra. (Considerable variation has been observed in these species. The 
more abundant type is that with “ diageotrop>ic innovation shoots,” so that, according to Hackol, 
this is F. rubra. L. sens, am pi. It is not uncommon to find tufts with “ apogeotropic ” shoots 
arising intravaginally in the sheaths of the lower leaves; this comes within Hackel’s F. ovina L. 
sens. ampl. The leaf-form is always bristle-like, but there is great variation from “setaceous” to 
“junceate.” Recent investigations (Lindhard, E., Tidskrift /. Laridbrugete Planteavl, Bd. 20, 
pp. I " 23, 1913) show that perennial grasses mature more seed when cross-pollinated, and that 
within most spoedes are included many forms which remain true on cultivation. It is therefore 
probable that there is considerable variation of forms in most of the natural associations which 
include grasses. 
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substratum presents local edaphic variations, so that one part is, say, raoister 
while another is drier, as in the case of retrogressive peat already described. 
Both kinds of transition may exist in the case of Nardvs, Nardus is the first 
phanerogamic invader of redistributed peat, and it may be displaced by an- 
other plant community. The experimental observations already given support 
this view. The Nardetum also represents a phase in the retrogression of peat, 
but as the process does not go on equally over the whole area there may be con- 
siderable local variation within a small space. It is the case that on hill pastures 
with Nardus there is often an almost bewildering change in the plant grouping 
from place to place. This would seem to indicate that the edaphic conditions 
necessary for the various species are not very distinctly differentiated, and 
that the chief constituents of the vegetation are species with a wide range of 
adaptability. 

Transitional Associations. 

The types of vegetation which abut on and form transitions with the 
Nardetum are, briefly, as follows: 

A. Molinietum. The factors determining the distribution of Molmia 
caerulea have been examined by T. A. Jefferies ( 6 ), mainly in West Yorkshire. 
The Molinietum is also well represented in the Moorfoots and other areas. 
Our observations confirm the conclusion of Jefferies (p. 99) that ‘'the dis- 
tribution of Molmia depends primarily upon an abundant supply of relatively 

fresh water -whenever stagnation becomes pronounced, so that the water is 

badly aerated and excessively acid, Molinia tends to degenerate.” The same 
author demonstrates that Molinia grassland is intermediate between Nar- 
detum and Eriophoretum so far as water supply and acidity are concerned. 
We would emphasise his distinction as regards the water. Where the water is 
mainly from peat or surface drainage, the succession is fronj peat vegetation 
(Eriophoretum and Scirpetum caespitosi) through the more ericaceous vegeta- 
tion of the peat margin, to Nardetum. This is also the succession where 
springs from below the peat pass into deepened water channels, or emerge on 
the slopes below the Nardetum zone. Where, however, the springs emerge so 
that they irrigate the marginal peat, then the Molinietum comes into evidence. 
Our observations on the substratum of the Molinietum show a strikingly con- 
stant occurrence of about nine inches of peat^ which remains distinctly moist 
throughout the summer when the Nardetum peat is drier. Another feature is 
that the Molinietum is developed more frequently along unhagged margins of 
pe^t, whereas Nardetum is characteristic of a margin of peat haggs. The dis- 
tribution of Molinia thus depends mainly on the occurrence of spring water, 
and ience it is not uncommon to find tracts of Molinietum not directly related 
to the peat margin, but isolated among other associations. In the majority of 
cases the Molinietum probably represents the residue of a former peat-covered 

^ Tht5 deptll of peat or humus was tested constantly by the staff throughout this survey, and 
is recorded for most of the plant associations. 
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area, the peat being preserved from erosion by its more constant but not 
excessive moisture. In other cases there is reason to believe that the existing 
peat is largely an accumulation from the Molinietum itself. The Molinietum 
in its typical form shows a complete dominance of Molinia, but this may pass 
gradually through a transition zone into pure Nardetum marginal to peat. 
Our interpretation of the transition zone is that it is Nardetum irrigated by 
spring flushes, or conversely a Molinietum imperfectly flushed so that Nardus 
and other species of drier substrata find a place'. 

B. Flush and alluvial grassland. This is generally well defined 
from the Nardetum. The uppermost alluvial grassland occurs between the 
Nardetum and the stream along the flood-margins of the headwater stream- 
lets^; here it may be more or less mixed with Nardm. This grassland forms a 
marginal zone distinguished by dominance of grasses, with frequent occurrence 
of sedges (Carex), rushes (Juncus) and other moisture-loving species. The 
flush grassland vegetation occurs where springs emerge in the Nardetum 
(PI. II, Fig. 2) and other types; if the springs are intermittent throughout 
the summer, Nardun may be an abundant species. 

C- Callunetum. This extensive association is typical of the drier and 
steeper valley slopes (PI. II, Fig. 1). As a rule there is a zone of Nardetum 
between this zone and the vegetation of the peat margin where Calluna “on 
peat” may again be abundant. Sometimes, however, Calluna is so abundant 
ftorn the peat margin downwards that the Nardetum falls out®. During the 
survey three types of Callunetum were distinguished as regards depth of peat, 
time of recovery after burning, and economic value, but this is not the place 
for details. Nardus enters into competition with Calluna in all three, and 
Molinia in the case of two. 

D. Vaccinietum. This occurs as a dwarf summit vegetation, and as a 
taller growing type on steep dry valley slopes. It is an extensive association 
in the Highlands, and was mapped by R. Smith as Vaccinietum. Nardus may 
occur abundantly in t^ose parts of the zone which lie towards the peat margin. 

E. Grass Heath. This vegetatiou has been met with extensively on 
steep dry valley slopes in south-eastern Scotland (Map). It consists largely 
of Deschamf^ia flexuosa, Agroslis spp., Galium saxatile, Potentilla erecta^ 
Vacciniu ni myrtillus (dwarf), but the chief feature is a dense undergrowth of 
mosses of drier habitats. These last were so abundant in analyses of repre- 
sentative turfs, that mosses formed the larger part of the air-dried herbage. 
In the upper part of this zone towards the peat margin, Nardus may become 
abundant or .subdominant ; this transition was very marked in case of the 
grass heath shown in the map, Fig. 1. 

‘ The influence of spring flushes on moorland vegetation is a topic for a future paper in which 
the Molinietura will appear as a typo of flush. 

^ This zone is too narrow to show in field maps. 

* Several places showing this will be found on Fig. 1, by following the peat margin; most of 
these have much Nardus mixed with Calluna, 
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SUMMAKY. 

Nardm stricta is a frequent species, with varying degrees of dominance, in 
the hilly parts of northern Britain. Among other plant associations, where it 
is conspicuous, it is the dominant species in an association (Nardetum) which 
forms a zone marginal to areas of retrogressive peat. Nardetum occurs 
typically on peat which has been redistributed from the exposed surface of 
peat haggs by water, wind, and biologic agents, so that it is no longer part of 
the original peat mass, but forms a zone marginal to the mass. This zone is 
rapidly invaded by Nardris which from its mode of growth and structure is 
adapted to withstand the conditions of this habitat. This Nardetum is a 
relatively fixed or stable type of vegetation so long as the edaphic conditions 
remain constant, and it is extensive enough in the subalpine region of the 
central and northern hills of Britain to warrant its being recorded on vegeta- 
tion maps of '‘six-inch” scale. From the economic aspect it is a zone of 
relatively low grazing value. 

The recognition of this Nardetum is part of a segregation of what in the 
earlier vegetation surveys in Britain was described as "hill pasture” or by 
other titles indicating the greener vegetation as distinguished from(Ja11unetum , 
Eriophoretum, Vaccinietum and other types. The segregation is carried still 
further by other types briefly described: (1) Flush and alluvial grasslands; 
(2) Grass heath; (3) Molinietum. These units of "hill pasture” are based on 
the composition of the vegetation, but they also represent an economic value 
with reference to grazing; These types of grassland occur in consecutive and 
extensive areas so that they can be charted as units of the uncultivated land 
of the subalpine region. 
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Part III. The Quercus eeseiliflora-Carpinus Woods 

(1) General and Introductory 

The Qmrcus sessiliflora-Carpimts woods, with which the present part 
deals, comprise some of the largest woodland areas in Hertfordshire and 
together occupy between two and three thousand acres. For the purposes 
of this account a few woods have been included in which Quercus robur is 
present in preponderating numbers, but where there is good reason for 
believing this condition to be the outcome of planting. But, in estimating 
Parts I and II appoarod in this Journal, 4 , pp. 83-117. 
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the distinctive characteristics of this type, and the frequencies of the con- 
stituent species, reliance has been chiefly placed upon observations in the 
woods at Synaond's Hyde (ca. 220 acres) and Sherrard's Park (ca. 250 acres), 
in which the Oaks are almost exclusively Quercus sessilijlora. These two 
woods have been visited many times at frequent intervals over a period of 
from three to four years. The necessity for such repeated visits, at all 
events throughout the vegetative season, cannot be too strongly urged if 
reliable data as to frequencies are to be obtained. This is all the more im- 
portant since many of the herbaceous species are common to several types of 
woodland, but exhibit a prevalence peculiar to each. In addition to the two 
woods named a further area of considerably over 1000 acres has been care- 
fully examined though at longer intervals. 

It is with great pleasure that the author records his indebtedness to the 
lit. Hon. the Marquis of Salisbury, Lord Lytton, Sir George Faudel Phillips, 
the Hon. A. Holland-Hibbert, Lt-Colonel A. D. Ackland, Major Smith- 
Bosanquet, and other owners for permission to investigate their woods. 
His thanks are also due to Mr Septimus Beck and to Mr J. C. McGowan for 
their kindness in affording information with regard to the estates of which 
they have charge. 

For assistance in the determination of Algae, Fungi, and Lichens respec- 
tively the author is indebted to the following specialists: Prof. F. E. Fritsch, 
D.Sc., Mr J. Ramsbottom, M.A., and Mr II. Paulson, F.L.S. The surveys 
reproduced in Figs. 1 and 2 were kindly prepared by the authoT's brother 
Mr A. H. Salisbury, M.S.A. 

(2) The Edaphic Conditions 

Attention has previously been called to the general distribution in Hert- 
fordshire of the various types of Oak-woods (Salisbury, loc, iiL, p. 84). As 
already stated, the Qvercns ,sessilijlom'Carpln/m woods predominate in the 
south-west of the county, but they are in addition generally associated wdth 
superficial deposits, geologically different from those in whicli Qaen us robur 
is the dominant tree (cf. Table I). The latter woods occur chiefly on tlie 
clay-with-flints, whilst the woods here dealt with are found mainly on outliers 
of the Heading beds, the London Clay, Glacial Gravel, or Boulder Clay. Infor- 
mation regarding the geology of the district lias been kindly furnished by the 
author’s friend Mr G. W. Larnplugh, F.R.S., and Dr Sherlock of H.M. Geo- 
logical Survey, the latter of whom has recently mapped a large part of the 
area in question. 

An interesting case is afforded by the Devil’s Dyke, near Marford, reputed 
to be a pre-Roman earthwork (cf. Historical Monuments of Hertfordshire) 
which occupies an isolated patch of what Dr Sherlock regards as probably 
Boulder Clay. The dyke is about a quarter of a mile long and some 35 ft 
deep, with steep wooded sides. At the present day Quercus sessilijlora is 
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entirely absent, but a careful search has revealed two specimens of the hybrid 
Oak, There are no woods in the immediate vicinity and those which lie 
nearest contain no Querem sessiliflora. Evidently then Q. sessilijlora must 
formerly have been present, but probably this, like so many of our woods, 
has been replanted with Q. robur, only a few of the original saplingi hybrids 
having survived. The general character of the flora in other respects (e.g. 
frequent Beech and abundant Holly) suggests a Q, sessiliflora, rather than a 
Q. robur wood. This exemplifies the replacement that has probably taken 
place in several instances (e.g. Balls Wood, Hertford). 

It is perhaps nothing more than a coincidence that Q. sessiliflora is by far 
the commoner Oak in Grimm’s Dyke, another pre-Roman earthwork, near 
Wigginton. 

It should be noted that both in Ha wkshead Wood (North Minims), and in 
Oxhey W oods, the local dominance of Q. sessiliflora is associated with Reading 
bed outliers (W. Whitaker, Mem. Geol. Survey, vol. i, pp. 198 203, 1889), 
and here too human interference may have considciably reduced both the 
number of individuals and the area occupied by this species. On the other 
hand Q. sessiliflora does occur in small numbers where there is no reason to 
suppose the present relative frequencies to have been artificially produced. 
For example, Pryor’s Wood, near Ayot, situated on the Clay-with-flints, 
contains a few Durmast Oaks, but the general character of the flora is entirely 
that of the Q. robur-Carpinus type. 

A striking instance of the effect of geological conditions is seen at Sjunond’s 
Hyde. Here we have a group of contiguous woods, namely Cox’s Wood, 
Titnol’s Wood, Great Wood, and Furze-field Wood, which in the order 
named extend from the higher to the lowei- ground. The valley is occupied 
by a loamy boulder clay which gradually thins out as we pass up hill and 
finally gives place to Clay-with-flints just beyond Cox’s Wood. In correspon- 
dence with this Q. robur and Q. sessiliflora occur in nearly equal proportions 
in Cox’s Wood; but the latter beco)ne8 more abundant as we pass down hill, 
so that in Symond’s Hyde Gieat Wood the common Oak is quite rare. In 
Hitch Wood and Wain Wood, in the north of the county, Q. sessiliflora is 
fairly common, although both according to the old drift maps are situated 
on the Clay-with-flints. 

In connection with the presence of this type upon the Boulder Clay, it 
should be noted that the latter is often not typical and as it occurs in these 
woods is frequently a relatively light soil of a loamy character. Possibly 
washing out of the finer particles from the upper layers has contributed 
.towards this (cf. Whitaker, loc. cit., p. 321), a factor that has also operated in 
the London Clay areas. In reference to the latter Mr Whitaker mentions 
that “ the upper beds like the basement bed are more sandy than the large 
mass of the formation”* {he. cit. p. 239). Sherrard’s and Brock’s Woods 
furnish examples of Woods situated mainly upon the Woolwich ajid Reading 
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Beds and the same is true of the Ruislip Woods in Middlesex. In all these, 
the dominant tree is Quercus sessiliflora and the undergrowth is chiefly Horn- 
beam. Still more significant is the occurrence of a similar relation elsewhere. 
Thus we find the scattered woods near Reigate in Surrey illustraHng the 
same feature. Margery Wood situated on the Clay- with- flints is a typical 
example of the QuercMs rohar-Gorylus type whilst the isolated patches of 
Reading and Woolwich Beds near Headley are occupied by Qiiercm sessili- 
fiora-Corylus woods with a ground flora that is strikingly similar to that 
of the Q. .sessiliflora-Carfimis woods of Hertfordshire. 

The enumeration (Table I) shows that this type is then characteristic of 
Boulder Clay, Glacial Sands and Gravels, and the sandy soil of the Woolwich 
and Reading Beds. Moreover the composition of the herbaceous flora in 
areas of scrub bears out the natural relations of the vegetation to these differ- 
ent soil types (cf. Salisbury, "^Ecology of Scrub,” Tram. Herts. Nat. Hist. Sac., 
vol. XVII, 1918). 

Table I. Geological Character of Soils 


Wood 

Type 

Geological cliar<icl(*r of soil 

Slieirard’s Park 

Q. sess.-Carp. 

,, ,, ... ... 

Bouldc'r Clay and Beading Beds 

Brook’s 

»» >> 99 

Syinond’s Hyde (L’oat Wood 
Titnol’s 

,, ,, ... ... 

Boulder day 

Q. sess. -1- Q. robur-Carp. 

)» »» 

,, ,, 

Blackboy 

*!• 

iMardley Houtli 

,, .. ••• 

Glacial Gravel 

Nirming’s 

»» • » • • • 

Glacial Gravel and Sand 

Harmer 


Boulder day. Woolwich and Read- 
ing Beds 

Burnham ( Jn'eii 

»» »» >> ••• 

Reading P>eds, Gravel and jSand 

Brandi eld 

,, 

Boulder day 

Punohett’s 

„ , ,, 

Glacial Gravel and lk)uld(‘] day 

K neb worth ((U:. Wood) 

ns .. 9s • • • 

Glacial Gravel and day-with-tlint > 

Wain 

(Q. roburd. a-Q. ses.s.-( Jarp.) 

Clay -with -Hints 

Hitch 


,, ,, 

Brox bourne ... 

(Q. sess. 4 Q. robur) 

London day with patches of sand 
and Gravel 

0)W’ Heath ... 

(Q. sess. 4 Q. robur) 

London ( lay 

Worrnley 

Q. sess.-Carp. 

Ruislij) (Middlesex) ... 

Woolwich and Reading Beds. 


A pronounced feature of these woods is the fact that in spite of the coarse 
texture of the soil they are, compared with the woods of common Oak, 
extremely wet in winter, a feature well shown by the ])resence of free water 
upon the paths and by the character of the path-flora. The not infrequent 
presence of Beech indicates that the upper layers of soil are relatively dry, 
since this tree is very intolerant of inundation. One can only conclude there - 
fore that the permanent water-table approaches very close to the surface, 
so that the slight depression due to the paths, together with the greatly in- 
creased water-capacity and capillarity of their soil, resulting from compression 
and accumulation of finer particles, produces the water-logged condition. 

The same general relations as regards types of soil have been found to 
obtain elsewhere. Thus Wilson (‘"Plant-distribution in the Woods of North- 
east Kent,” Ann. of Bot., vol. xxv, pp. 857-902, 1911), in the woods of Kent, 
Journ. of Ecology VI 2 
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found that, whilst Q, robur was the dominant tree on the Clay-with-flints, 
Q, sessilijlora was dominant on the London Clay. The latter species was also 
the more prevalent on the Oldhaven Beds and Thanet Sands. The Q. sessili- 
fiora-Carpinus type has been recorded by Tansley as occurring on the more 
sandy soils near Hampstead (in Hampstead Heath, its Geology and Natural 
History, chap, ii, Vegetation, pp. 85-111, London, 1913), derived from the 
Bagshot Sands and London Clay. 

In general it is only on the lighter types of soil that anything approaching 
purity of Quercus sessiliflora is attained, whilst it is on the heavy London Clay 
that Quercus robur is most frequent in woods of this type. However, the 
dominance of the latter in some of the woods near Broxbourne is probably 
an outcome of planting. 

Usually the soil of these woods is a loam, and mechanical analyses show 
(cf. Table II) that even in the damper societies the proportion of finer particles 

Table II. Mechanical Analyses of Woodland Soils 

8ilt 




Ground 

Fine 

Coarse 

F’ine 

and 

Wood 

Type 

Society 

Gravel 

sand 

sand 

clay 


/o 

/o 

0/ 

/() 

0/ 

/o 

Stocking’s ... 

... Q. robur-Carp. ... 

Ficaria - 

2*4 

15*8 

21 

45*2 

Oxhey Grange 
Stocking’s ... 

... ,, ,, ... ... 

Mcrcurialis 

o-s 

20*48 

19*2 

50*64 

... ,, ,, ... ... 
... Q. robur + Q. sess.-Carp. 

Anemone 

4-2 

8*0 

10*2 

63*30 

Oxhey 

Pteris 

8-8 

21*0 

25*4 

35*6 

Broxbourne 

... Q. ses8.-Carp. 

... ,, ... ... 

Path 

4-8 

19*() 

23*4 

42*0 

Brook’s 

Mcrcurialis 

1-48 

11*2 

42*52 

38*24 

Sherrard’s ... 

... ,, ,, ... ... 

Ni^pcta . . . 

6*2 

32*08 

22*4 

31*0 

Brock’s 

... ,, ,, ... ... 

Hu bus 

5-32 

40*72 

17*70 

21*96 

Sherrard’a ... 

... .j, ... ... 

Scilla 

6-8 

52*4 

15*88 

18*72 

Wormley 

. . • ,, ... ... 

Pteris 

8-2 

21*0 

31*2 

20*0 

Brock’s 

. . . ,, ,, ... ... 

Pteris 

2*2 

51*48 

21*12 

17*76 

Average for Q 

. robur woods 



2-4() 

18*29 

18*8 

53*06 

Average for Q. sessiliflora woods 



5'0 

33*49 

24*89 

27*09 


is usually only comparable to that in the drier societies of the Q. robur woods'. 
The amount of clay and silt ranges from about 18 % in the lighter soils to 
42 % in the wetter parts, namely the paths. That the determining factor 
for the dominant tree is not here depth of soil (cf. Moss, Vegetatioyi of 
Peak District, pp. 45, 46) is clearly indicated by an examination of the pits 
which are often present. In these it can be seen that the soil overlying the 
chalk is at least 16 ft in depth, and at Bricket Wood the Boulder Clay reaches 
a thickness of about 40 ft (T. E. Lones, ‘"The Gravels, Sands, Clays, and Loams 
of W. Herts.,'’ Herts. Nat. Hist. Soc., vol. x, p. 163, 1900). Moreover 
where the soil thins out, as on some of the lower valley slopes, there is a tend- 
ency for Q. robur to become more frequent rather than less so, perhaps owing 
to the increase of moisture and the lower acidity of the soil. 

Humus. The amount of humus present is comparatively low (cf. Table 
III). Where the shrub-layer is dense it ranges from 4*8 % to 9*5 % and though 
sometimes locally higher this is attributable to cumulative peat-formation by 
certain members of the ground-flora. The latter feature is especially en- 
countered where the bracken predominates, and here the raw humus of the 
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surface may attain a depth of over 6 in. The total range is 4*8 %-19‘4 %, 
with an average, for all types of ground- vegetation, of 8*5 %, but in general the 
amount of humus is considerably lower than in the Q. robur-Carpinus woods. 


Table TIL Average Organic Content of Soil in different Societies 






Organic 



Wood 

Society 



matter 

Range 

Average 





o/ 

/o 

W 

/o 

/o 

Shorrard’s 

Pteris 



7-5-15-7G 



Brock’s 

• • • 



7-4() 

* 


Symond’s Hyde ... 




11 06 

Pteris 

Pteris 

Brox bourne 

• • • > 



7-32 

5*00-15-76 

9-92 

Wormley ... 




1(1-24 



Cow Heath 

« . . ,, 



7-8 



Pinner 

... 55 



5-0 



Sherrard’s 

R-ubus 



5-46 



Brock’s 

... ,, 



8-24 

Rubus 

Kiibus 

Syniond’s Hyde ... 

... 



6-52-6 54 

5-4(;-12-2 

8*25 

Wormley ... 

... ,, 



12*20 



Brox bourne 

... ,, 



10*56 j 



Sherrard’s 

Nepeta 



6*9-7*50 


Nepeta 7*08 

Sherrard’s 

Scilla . . . 



6*0- 7-28 


Scilla 6-6 

Slierrard’s 

Mercurialis 



6*8-11*02) 

1 Mercurialis 

Mercurialis 

Brock’s 

- • * 5, 



6*5(M)*61 1 

6-32-19-4 

9*72 

Syrnond’s Hyde ... 

• • • ^ » 



11*96-19-4 1 

i 


Titnol’s ... 

... 



6-32 ^ 

1 


vShorrard’s 

Ficaria 



()-3-l 1-1 


Ficaria 8*2 

Sherrard’s 

. . . Path . . , 



7*44-8-94) 

1 


Symond’s Hyde ... 

... t, 



10- 1 1 

' Path 

Path 

Broxboiirno 

... ... 



10-74 j 

7*44-10-7 

9*3 

Wormley ... 

... yy ... 



9-28 1 

1 


Sherrard’s 

... Sparse vegetation 






(dense shrub-layer) 


5-36-6-86 , 



Brock’s ... 

• • • 99 



6-16 

Si)ars 0 ’ eg. 

Sparse veg. 

Broxliourne 

• • • 11 



8-J4 

4-8-9-5 

6*8 

Wormley ... 

• • * ?i 11 



5-76-8-2 i 



Symond’s Hyde ... 


9P 


4-8-7-0 



Pinner (Middlesex) 

1. 



9-5 , 




Total ranjL^o ... ... ... ... ... ... ... ... 4 -8-1 9-4 

Average of all estimations ... ... ... ... ... ... vS-5 

W aier-contenl. The natural water-content shows an average of about 
29*5 % on the dry weiglit. In summer this may fall as low as 19*3 % or in 
winter rise to over 53 %, but the differences associated with the different 
ground-societies remain pronounced despite the seasonal changes in any given 
locality (cf. Table IV). 

Table IV. Natural WaferAJontents of Composite Soil Samples from the 

different Societies 


(a) Sherrard’s Wood 






Range 

Average; of 


Ground Society 




observed 

all estimations 

Acidities 




C)/ 

/O 

/o 

/o 

Pteris aquilina d. 




26-5-45 0 

29-9 

0-51 

Rubus frutiooaus d. ... 




19*3-27*0 

23-0 

0-49 

Nepeta gleohoina d. ... 




18-5-29-5 

26 '5 

0-45 

Scilla nutans d. 




23*6-30-2 

26-1 

— 

Mercurialis perennis d. 




21-4-34-2 

28-7 

0*31 

Ficaria verna d. 




27*6-33-6 

31-0 

0*12 

Path Society 




28-8-36-4 

33-6 

— 

Dense shnib -layer and sparse ground-flora 

25*3-29-6 

26-9 

— 


2—2 
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Table IV {continued) 

(b) Varioiis Woods 

% 


Symond’s Hyde 

6. xi. 15 

Dense Shrub-layer ... 

23-8 

5. iv. Hi 

,, ^ yt yy ••• 

29-3 

5 > • • • 

2. hi. 17 

Pteris-Rubus^ 

270 



Pteris d. * ... 

29*0 

99 • • • 

12. X. H) ' 

Rubus fruticosus d. ... 

23*4 

9f • • • 

I 

Path {Callitriche, etc. ) 

37*4 

99 * • ♦ 


Dense Shrub -layer ... 

25*5 

99 • • • 

l.i. 17 J 

Rubus fruticosus d. ... 
Mercurialis pereMnis d. 

29*8 

53*4 

TitnoVB 

1 


27*4 

99 * • • • • • 

2. iii. 17 

y» »♦ ••• 

32*3 

Brook's 

/ Pteris d. 

! Rubus fruticosua d. ... 

21*9 

,, 

27*0 

... ... 

19. X. 16 

Mercurialis perenms sparse 

25*4 

,, 


„ „ dense 

Dense Shrub-layer ... 

23*2 

Wormley 

17. iv. 16 

30*2 

99 ••• ••• 


»» ,, ... ... 

20*6 

• ft • ft ft 


Pteris d. 

29*0 

99 ••• ••• 

26. X. 16 

Ruhiis fruticosus d. ... 

35*2 

99 • • • * • • 

Path Society ... 

32*6 

Broxboume 


Pteris d. 

30*1 

>» 

• 

Path Society 

42*9 

»» ... 


Dense Shrub -layer ... 

300 

ff 

17. iv. 10 

Rubus fruticosus d. ... 

380 

Blackboy 

Cox’s 

6. i. 16 

Dense Shrub-layer ... 

32*7 

13. xi. 15 . 

»> >y y> • • • » • • 

A doxa-Ficaria 

33*2 

Shcrrard’s ... 

9. vii. 17 

26*5 

Cow Heath 

10. V. 17 

Pteris aquilina d. 

»» »» • » • • • • 

1 )ense Shrub -lay or ... 

25*8 

Pinner (Middlesex) 

»> >» 

28. V. 17 

24*0 

»> 

35*2 



' Pteris Society 

28-5 



Rubus Society 

28*5 

AvoraKc for all estimations 

Mercurialis Soci(*ty ... 

31*0 



Path Society ... 

35*6 



Dense Shrub-layer ... 

27*8 

Total range in Q. 

sessiliflora-Carpinus woods ... ... ... 

18*5-5: 


Acidity. For only five of the woods have acidity- determinations of 
composite soil-samples been made, and for these the author is again indebted 
to Dr H, B. Hutchinson. The range (Tables IV, XII) is from 0-12-0-564 % 
in the uncut wood, with an average of 0-41 %, as compared with 0*44 % in 
the Q. robur-Carpinus woods. The ratio of acidity to humus however shows 
an average of 1 : 19, as compared with 1 ; 29-4 (cf. Part r, p. 91) in woods of 
the latter type. Evidently then the soil-solution in the upper layers is much 
more acid than in those woods where Q. robvr predominates. 


Before discussing the significance of these facts regarding the soil it may 
be well to consider briefly what is known as to the occurrence of Q. sessili- 
flora woods elsewhere. In the Peak district Moss {loc. cit., pp. 46, 46) found 
that the woods of this species were confined to shallow soils overlying the non- 
calcareous rocks (sandstones and shales), but both species were found growing 
together on the deep fluvio-glacial sands and gravels. Moss therefore con- 
cluded that depth of soil was the chief factor that determined the dominant 
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species. Q. sessiliflora is the characteristic tree of the steep valley-sides on 
the Cambrian shales of Wales (Salisbury, Proc. Linn. Soc., p. 3, 1916), on the 
Old Eed Sandstone in the combes of Exmoor, and in the Yorkshire valleys 
on the oolitic sandstones (Smith and Rankin, ‘‘Geog. Distribution of Vegeta- 
tion in Yorkshire,” Geog. Journal, p, 13, 1903) ; in North and Central Wales 
on Ordovician shales and schists ; in Herefordshire on May Hill Sandstone ; 
in Devonshire on non-calcareous Upper Greensand, in the same county and 
in Cornwall on various Palaeozoic rocks ; in Co. Wicklow on Ordovician, in Co. 
Kerry on Old Red Sandstone, and in Co. Galway on metamorphic rocks 
{Tyfes of British Vegetation, p, 137). This species was also perhaps formerly 
dominant on the Coal Measure shales and sandstones of Gloucestershire 
(Tansley and Adamson, “Reconnaissance in the Cots wolds and Forest of Dean,” 
Journ. of Ecol., 1, p. 86, 1913). In all these cases then the woods occupy 
soil overlying siliceous rocks, and owing to the steep character of the valley- 
sides this soil is often very shallow. Moreover, since such situations receive 
the drainage frorn the surrounding uplands, the water-content is often high. 
However, as the writer has pointed out, Q, sessilijlora woods do occur locally 
on calcareous soils, as on the Mountain Limestone of Wales (Salisbury, Proc. 
Linn. Soc,, p. 3, 1916), and the same feature is observed near Symond’s Yat 
(cf. Miss E. Armitage, Journ, of Ecol. , 2, p. 103, 1914). 

Probably the presence of Q. sessiliflora on calcareous rocks is only rendered 
possible where the soil has a high water-content either owing to liigh rainfall 
or drainage water. It should be noted too that the examples quoted are from 
Mountain Limestone, the soil-water from which is much less hard than that 
from chalk. 

In view of what has been said with regard to the proximity of the 'water- 
table in these Hertfordshire woods it is possible that the soil is rendered 
physiologically shallow owing to water-logging at a comparatively slight 
depth. It is however probable that there is some underlying feature common 
to all these habitats, namely dilution of mineral salts especially carbonates, 
and accompanying acidity. Where as is most commonly the case woods of 
this type occupy steep valley sides, leaching out of the mineral salts from the 
surface-layers is bound to result, an effect all the more pronounced if the soil 
be shallow. Moreover siliceous rocks are notoriously deficient in soluble 
mineral substances. It is quity in harmony with this view that Q. sessiliflora 
is chiefly found on calcareous rocks in areas of high rainfall. 

The presence of both species in association on the deep fluvio-glacial sands 
and gravels is perhaps an example of a complementary arboreal vsociety. For 
the shallow-mooted Q. sessiliflora^ will occupy the upper layers of the soil, 
deficient in mineral salts, whilst the deeper-rooted common Oak will derive 
its mineral salts from the lower unleached layers that will have been to some 
extent enriched by the percolation-water from above. It may well be there- 
fore that the distribution as regards depth of soil is but an expression of differ- 
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ent demands upon the soil-solution. The lower mineral content of the timber 
of Q, sessUiflora as compared with that of Q. robur also argues a capacity for 
growth in poorer soil. 

Hall and Russell {AgricMlture and Soils of Kent, Surrey and Sussex, pp. 
180~183j Board of Agric. and Fish., 1911) give analyses from two woodland 
soils and a permanent pasture on the Clay-with-flints, and from an old pasture 
and a common on the London Clay. A comparison of these data from un- 
cultivated land shows that a striking feature of contrast is the absence of lime 
from the London Clay, though it is only present in small amount in the Clay- 
with-flints. Also the London Clay is characterised by a low proportion of 
“available’' potash. The normal absence of Q, sessUiflora from calcareous soils 
is therefore in harmony with its presence on the London Clay, both in Hert- 
fordshire and Kent, but the deficiency in available potash may well militate 
also against the occurrence of Q. rohur. 

A comparison of the amounts of mineral salts present in a number of wood- 
land soils was made by shaking up 50 gms. of air-dried soil in 100 c.c. of 
distilled water and determining the electrical conductivities of the filtered 
solutions by means of a Kohlrausch Bridge with Telephone. The results show 
that generally there is a lower resistance and therefore a larger proportion 
of mineral salts in the soil-solutions from the Q. rohir woods (cf. Table XV). 
If the soil previously heated to 100*^ C. be employed the adsorption effect of 
the colloidal particles is largely eliminated and a greater difference between 
the two types is observed. We are however completely in ignorance as to 
whether the plant is to any extent capable of overcoming this adsorption 
effect. 

In lowland districts we usually find Q. sessUiflora on the drier types of 
soils, and Q. rohur on the damper, whilst in upland regions it is woods of the 
former species which occupy the wetter areas. One of the woods in Hertford- 
shire, namely Worrnley Wood, in which Q, sessUiflora is dominant, is reputed 
to be one of the wettest woods in England, on the other hand parts of Sherrard’s 
wood are dry even in winter. Now we have noted that, having regard to the 
generally low water-capacity of the soils, the acidity where Q, sessUiflora is 
dominant is greater than in the Q, rohur woods. The low proportion of car- 
bonates in the soil-solution is probably a great contributing factor to this 
feature, and it may well be that the effect of the impoverished mineral content 
is as much indirect through its influence on acidity as direct in its effect on 
nutrition. 

Broadly then, both here and elsewhere, Q, sessUiflora may be regarded as 
a tree tolerant of ackf conditions and with a capacity for thriving upon soils 
deficient in mineral salts. Its rare occurrence on calcareous soils however 
argues that the present distribution may be rather the outcome of competitive 
pressure than an expression of natural preference. The frequent paucity of 
saplings of Q. sessUiflora suggests that on soils suitable to either species 
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Q, robiir increases at the expense of its congener (cf. also Salisbury, ^'The 
Ecology of Scrub/’ Trans, Herts, Nat. Hist. Soc.^ vol. xvii, 1918). 

(3) Iiight-conditlons 

The shrub-layer in these woods is of very variable density, but in gene- 
ral is either moderately well-developed or almost completely absent. As a 
result there are two types of area presenting very different conditions as 
regards illumination. Where the shrub-layer is well represented, the intensity 
of the diffuse light during the Light-Phase (cf. Part ii, p. 92) ranges, according 
to the proximity of the stools, from 25 % to 72 % of the diffuse light-intensity 
in the open, the average being about 41-5 %. During the Shade-Phase this 
is reduced from about 1-11 %, with an average of nearly 4 % (cf. Table V). 


Table V. Light4ntensities in Q. sessiliflora-Carpinus woods 





Average of 


Wood 
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In regard to these areas the low intensity during the Light-Phase is a note- 
worthy feature. Compared with the corresponding period in the Q. robur- 
Carpinus woods, the average intensity here, under coppice of similar age, is 
about 2 % to 10 % less (Salisbury, Part ir, p. 93). This feature must be 
attributed to the fact that although the shrub-layer is scarcely ever as dense 
as in the Q. robiir woods, the tree-canopy in these woods is much less open, 
and the more or less horizontally directed branches of the Oaks have a greater 
shading effect than the almost vertical branches of the coppice stools. 
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On the other hand we find that during the Shade-Phase the illumination 
beneath the shrub-layer is considerably higher than in the Q. robur-Garpinus 
woods. Now even where the shrub-layer in the latter is dense there is usually 
a considerable ground-flora, whilst in these woods the presence of a consider- 
able shrub-layer is almost invariably associated with an almost complete 
absence of ground-vegetation. As the writer has already pointed out for the 
Q. robur woods with undergrowth (Part ii, p. 97), it is the intensity during 
the Light-Phase cotubined tvith the time-factor which determines the amount 
of the ground-flora. Here in these woods as we have seen the conditions of 
illumination where there is a shrub-layer are altogether unfavourable to the 
ground-flora. For not only is the Light-Phase intensity low, but, since the 
shading effect is largely due to the tree-layer, there is no frequently recurring 
periodic impetus (cf. Part ii, p. 98). 

Whilst however the diminished light probably plays a very large part in 
bringing about a sparse vegetation, other factors, such as acidity, texture of 
soil, and water-supply are probably also involved. 

The only species apart from Cryptogams which occur in these woods, 
where the Light-Phase intensity is very low, are extreme vernal forms such 
as Adoxa monchatellfna and Ficaria verna. Mercurialis perennis also occurs 
in rather less shaded situations where the shrub-layer is fairly well de- 
veloped. 

Turning now to those areas where the Hornbeam is absent, or only repre- 
sented by sparsely scattered stools, we find that the illumination both during 
the spring and summer is very much higher. Thus, during the Light-Phase 
the intensity ranges from 33 % to 90 %, with an average of over 66 %, 
whilst during the Shade-Phase the intensity does not fall below 4 % and may 
be as much as 27-2 %, with an average of 13 %. 

Such considerable illumination during the Shade-Phase, though low in 
comparison with that in the open, enables shade-enduring species with 
aestival foliage to become dominant constituents of the ground-flora. Hence 
we find that areas where the Hornbeam is absent or scanty are often occupied 
by dense societies of Bramble or Bracken, whilst Honeysuckle, Holctis mollis, 
Luzula pilosa; and Wood Sage are by no means infrequent. All these are 
species which develop their new foliage relatively late in the year, but can 
tolerate a considerable degree of shading. 

The Ground Ivy is locally abundant in some of these woods, and can 
survive a lower intensity than most species which retain their foliage through- 
out the summer. This is perhaps an outcome of the fact that though its new 
foliage is not produced till March or April yet the old foliage is frequently in 
large part retained throughout the autumn and winter, so that full advantage 
is taken of the Light-Phase. 

The presence of abundant aestival species necessarily involves a quanti- 
tative diminution of those vernal species that might otherwise occupy the 
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better-lighted regions. Also the increased illumination results in a flora which 
though poor in quantity is numerically rich in species. 

(4) The Phanerogamic Flora 

If we disregard introductions and the numerous species of Rubus, etc., 
a total of 269 species of vascular plants have been observed in these woods, 
and of this number 48 represent trees, shrubs, and undershrubs, and the 
remaining 221 are herbs. From the Q. sessilifiora of Derbyshire, 

Moss {loc. cit,) has enumerated 231 vascular plants, exclusive of introduced 
species, but here as there it must be noted that owing to the sparsity of in- 
dividuals the number of species is no measure of the amount of vegetation. 
Indeed the herbaceous carpet of the Q. robur-Car firms woods is much more 
dense, although the Phanerogamic flora comprises only 265 species, of which 
31 are contined to woods where Q. sessilifiora is also preseiit. Two small woods 
of the Q. sessiliflora-Carf^^^^^^ typ<^ fl^^ neighbourhood of Hampstead, 
namely Bishop's Wood and Turner’s Wood, have been briefly described by 
Tansley (^'Hampstead Heath, its Geology and Nat. Hist.," Vegetation, pp. 
85-11 I, London 1913). Comparison with those here described shows a general 
agreement in the character of tree- and shrub-layers. But as the list there 
given is based on ‘'hasty visits during August and September” only, the 
marked discrepancies, both as to species and frequencies, in the ground- 
flora are perhaps more apparent than real. According to Mr Tansley, none 
of the herbaceous species appears to be at all abundant, except the Bracken 
and Holctis mollis, both of which are common in our woods. Mr Whirton 
however in the same work (p. 169) states that Scilla 7mtans is very abundant 
in Bishop’s Wood, a feature which is of interest in connection with the local 
occurrence of a society dominated by this species in Sherrard's Wood. 

(a) The Tree-layer. The dominant tree is Querms sessUiJloia, Salisb., but 
the hybrid Oak and Q. robwr may be present in considerable amount. The 
average number of trees to the acre is usually higher than in the Q. rohnr woods 
(cf. Fig. 1). Seldom much below 30, the number may attain to over 70, and never 
have we found the trees sparsely scattered over large areas as is so frequently 
the case in woods where the common Oak predominates. This difference is 
probably to be attributed in part to better forestry, associated with the 
larger size of the woods of this type, but it may also be due to the more open 
texture of the soil and the increased illumination which tend to favour 
germination (cf. Boerker, R. H., Ecological investigations upon the germination 
and early growth of Forest Trees, Lincoln, Nebraska, 1916). In general it may 
be said that seedlings of both trees and shrubs are of greater frequency here 
than in Q. robur-Carpinus woods, and this in spite of the greater prevalence 
of rabbits. In these woods the Hornbeam occurs frequently as a tree and its 
seedlings are by no means uncommon. The great rarity of Hornbeam seedlings 
in the Q, robur woods is probabl}^ largely due to the fact that some years must 



26 


The Odk-Hornheam Woods of Hertfordshire ^ 

elapse before a coppiced stool bears fruit and often this does not take place 
until it is again cut. Here however the frequent Hornbeam trees supply the 
requisite seed. 

The most important of the associated trees is unquestionably Betvla 
f ubescens, Ehrh., with which is occasionally associated alba, L., but never 
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Fig. 1. Chart of a typical portion of Shorrard’s Park Wood, showing the standard oaks 
{Q, sesailiflora) more numerous than the oaks in Q. rohur woods, the hornbeam stools (C) 
and the hornbeam saplings (H). 

in such quantity. The Birch rapidly colonises areas adjacent to the main 
woods, but owing to human interference no very advanced stage is usually 
reached. Pyrus aucuparia, Gaertn., though usually rare, is very character- 
istic as it is also of the Q. sessiliflora woods elsewhere, and the same may be 
said of Ilex aquifoUum, L., Almis glutinosa, Gaertn., Pyrus torminalis, Ehrh., 
and P. malm, L. These are all very rare, but are apparently confined to woods 
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of this type or Q, robur woods in which Q, sessiliflora is also present and which 
are consequently open to suspicion of having been planted. The Aspen is 
occasional in its distribution, and both the smooth and hairy leaved varieties 
occur, the latter being sometimes frequent. PrunvH avwni,, L., IJlnnis mon^ 
tana, Sm., and Fraxinm excelsior, L., are all trees that occur with considerable 
frequency in the Oak-Hazel woods, but are generally less common in the Q, 
robi/r-Carpinus woods. Here these trees are more or less restricted to the 
hollows and lower slojies of the valleys where the water-content is higher, 
the soil consists of finer particles, and is richer in mineral salts. In these 
situations too Q. robur may in part replace Q. sessiliflora. Both the soil- 
conditions and the vegetation in these hollows approximate very closely to 
those in the Q, robur-Carpinus woods of the stiffer loams, and it may be signi- 
ficant that the amount of mineral salts, as measured by the electrical con- 
ductivities of the soil-solutions, in these situations corresponds with that of 
the soil-solution from the Q, rohur-Carpinus woods. There are two woods 
where the Asli is locally abundant, namely Titnol’s Wood and a part of 
Wormley Wood. The^^ illustrate the two extremes under which the Ash is 
found (cf. Moss, Vegel. of Peak Distr., p. G9), The former locality is relatively 
dry, and the latter exceptionally wet. As however Titnol’s Wood exhibits 
a lower acidity than any of the other woods of this type we may perhaps here 
possess a clue to the prevalence of this species (cf. Part it, p. 99). 

Several Conifers occur, but none is indigenous. Those most commonly 
planted are the Spruce, the Larch, and the Douglas Fir, less frequently the 
Scotch Pine, 

(b) The Shruh4ayer. Here, as in the Q. rohur-Carpinus woods, the shrub- 
layer is chiefly composed of Carpinus beluhis, var. provincialis, Grenier et 
Godson. Both Rubus fruticosus, Agg. 'L., and Lonicera peridyrnennm, L., are 
very common and the former is locally dominant. The Hazel is frequent, 
but, like the Dogwood, Elder, Maple, and Blackthorn, is chiefly found where 
the surface approaches close to the chalk, especially in the damp hollows. 
Elder is particularly characteristic of the latter situations (cf. Part ii, p. 99). 
Frequent members of the shrub-layer are Craiaegns monogyna, Jacq., C, oxy- 
cantlioides, Thuill., and various species of Roses and Willows. Especially 
characteristic, although very rare, are Rharnnvs /rang ul a, L., and Viburnvm 
opulus, L. The complete list is given in Table VT. 

Associated with the more complete arboreal canopy the Hornbeam never 
attains to the density exhibited in the Q. robur woods. But where the shrub- 
layer proper is present the combined shading effect of trees and coppice is 
sufficient to restrict the ground- vegetation almost entirely to Mosses and 
Fungi. As previously stated however there are considerable areas from which 
the Hornbeam and other shrubs proper are almost completely absent. These 
areas are often covered by a dense straggling growth of Brambles. Hence we 
can recognise two distinct societies in the shrub-layer, namely that in which 
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Table VI. List of trees and shrvbs 

Trees : 

Quercus sessiliflora, Salisb 

dom, 

„ robur, L. 


Q. robur x Q. sessiliflora, Mocek 

o-f 

Abies excelsa, DC. 

planted 

Acer pseudoplatamis, L. 

vr 

Alnus glutinosa, Gaertn. 

r~vr 

Betula alba, L. 

0“f 

„ pubescens, Ehrh, 

f“0 

Carpinus betulus, var. provincialis, Gr*enier et Godron 

f 

Castanea sativa, Mill • 

planted (?), rare 

Fagus sylvatica, L. 

vr-f 

Fraxirius oxoelsior, L, ... 

o-lc (damp places, or if dry less acid) 

Ilex aquifolium, L. 

r-lf 

Larix decidua. Mill. 

planted, f 

Films sylvestris, L. 

plant (ul, f 

Populus alba, L. 

r 

,, tremula, L. 

o-f 

,, ,, ,, var. glabra, Syme. 

o-lf 

,, „ ,, var. sericea, Doll. 

o-f 

Pru nus avium, L. 

r-1 

Pseudotsuga douglasii, Carr. ... 

planted, f (2) 

Pyriis aucuparia, Gaertn. 

o 

„ communis, L. ... ... 

r (2) 

„ malus, var. mitis, Wallr. 

r- vj‘ 

„ torminafis, Khrh. 

vr 

Ulinus inontana, 8ni. ... 

r-lf 

Shrubs and undershrubs : 

Acer cam pestres, L. 

o 

Oalluna vulgaris, Salisb. 

lc(3) 

Carpinus betulus, var. provincialis, G. and G. 

sd 

Clematis vitalba, L. 

chalk-pits only 

Comus sanguinea, L. 

rr— o, near chalk or damp places 
f (Ic in damper hollows) 

Corylus avellana, L. 

Crataegus monogyna, Jacq. 

f 

„ oxycanthoides, Thu ill 

f 

Hedera helix, L. ... ... ... ... 

f 

Lonicera periclymeniim, L. 

c-ab 

Prunus spinosa, L. 

f-lc, especially near chalk 

,, institia, L. 

Rhamnus catharticus, L. 

rr(l) 

vr (2), near chalk 

,, frangula, L. ... 

Rhododendron jionticum, 1 a. ... 

vr 

r-lf, planted 

Ribes rubrum, L. ... ... 

vr(l) 

Rosa arvensis, Huds. ... ... 

f (near edge) 

„ canina, L. ... ... 

f (near edge) 

„ stylosa, Desv 

r(l) 

„ tomentella, Leman ... 

r (1) 

„ tomentosa, Sm 

r(l) 

Rubus fruticosus, L. (agg.) 

c-ab 

(Inch R. koehleri, Weihe, R. rhamnifolius, Weihe and Nees, R. leuoostachys, Schleich, etc.) 

Rubus idaeus, L. ... 

r~f 

Ruscus aculeatus, L. ... 

vr (1) 

Salix aurita, L 

f-r 

,, caprea, L. ... 

f-r 

,, cinorea, L. 

f-r 

Sambucus nigra, L. ... ... 

r-lc (in damp chalky depressions) 

Solanum dulcamara, L. ... 

f, edge 

Viburnum opulus, L. 

vr 


The symbols employed are as follows: d, dominant; sd, sub-dominant; ab, abundant; vc, very 
eommon; c, common; fc, fairly common; f, frequent; o, occasional; rr, rather rare; r, rare; 
vr, very rare; 1, local. A number in brackets indicates the number of woods in which the 
sptx*ies has been observed when not of general occurrence. 



29 


• E. J. Salisbury 

the Hornbeam is present as the dominant and that in which the Bramble is 
dominant. 

The Rubus fruticosus society, A study of the water-content, humus-con- 
tent, mechanical structure, and light-intensity of the soils of the areas domi- 
nated by Rubus fruticosus (cf. Tables II, III, IV, and V) indicates a wide 
range of conditions. Thus whilst the average water-content is about 28*6 % 
different localities, even during the winter- months, show a variation of between 
23 % and 38 %. The organic material too ranges in amount from 5*46 % 
to 12-2 %. Evidently then the Rubus society is not related to any very 
restricted edaphic conditions and we must seek an explanation for its domi- 
nance in other causes. The Rubus society often occupies large areas and the 
dominant species is accompanied by Honeysuckle, sometimes in considerable 
quantity, and Bracken which is often common. Other frequent species are 
Holcus mollis, Auenionc nemorosa, and Oxalis acefosella. But with these 
exceptions shrubs and herbs are alike rare. A careful examination of these 
areas will however often reveal the remains of old stools, in various stages of 
decay, that bear evidence to the presence here of a shrub-layer at no very dis- 
tant date. An examination of coppiced or felled areas shows that in the first 
year after cutting Bramble seedlings appear in large numbers. In the normal 
course of development these grow" for several years, but ultimately die as they 
become choked out by the shade eliect of the sprouting stools. There can be 
little doubt that the influencing factor to bring about the establishment of 
the permanent Rubus society is the failure of the coppice to develop vigorous 
shoots, a failure that is brought about mainly by the rabbits which al)onnd 
on these light soils, and which nibble the young shoots as they develop. 
Owung no doubt to the armature of prickles, the Bramble seedlings appear to 
be immune from the depredations of these animals. 

Comparison of the light intensities here and in the Pleris society (cf. 
Table V) shows that most of the areas occupied by Rubus would in this 
respect be equally suitable for the Bracken. But whereas the Phanerogam 
colonises with remarkable rapidity both by seeds and vegetative spread, the 
Cryptogam but seldom produces prothalli in these woods and its rate of 
expansion by rhizomes is slower. Both have summer foliage which begins to 
develop towards the end of May, but can endure a dirmriution of the light 
during the Shade-Phase to about 10 %. Owing to the controlling influence 
of light occupation in a woodland is often a decisive factor, since the late 
comer has to combat the shade of its competitor as w^ell as that cast by the 
trees and shrubs. The fact that Pteris and Rubus do sometimes occur together 
in the relation of co-dominants bears testimony to the remarkable capacity of 
the Bracken for waging this unequal warfare. It is however doubtful whether 
even this species is capable of making headway once the complete dominance 
of the other has become established. Probably Pteris has the advantage 
in drier situations, whilst Rubus fruticosus flourishes best where the soil is 
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naturally damper. This point is brought oiit by a comparison of the mechani- 
cal analyses (see Table II) from which it will be seen that in the same wood, 
although the composition of the soil from the two societies is similar, the 
proportion of fine particles is greater where the Bramble predominates. 
Finally we may note that although the two societies overlap to a considerable 
extent, the Rubus society extends into deeper shade, both as regards Light 
and Shade-Phases, than the Bracken society. 

(c) The Gwiind-flora. The herbaceous vegetation is strikingly scanty, 
although embracing a comparatively large number of species. Except 
locally where the water-content is high (cf. infra), the continuous sheets of 
Wood Anemone, Hyacinth, Dog’s Mercury, etc., which are such a feature on 
the Clay-with-flints, are conspicuously absent. We can however recognise 
several ground societies, dominated respectively by Bracken, Dog’s Mercury, 
Ground Ivy, Lesser Celandine, and Hyacinth. From the viewpoint of area 
occupied the first is by far the most important and the three last compara- 
tively insignificant. Here indeed, as in Q. sessiliflora woods elsewhere, the 
continuous sheets of Bracken fronds are the most salient feature. In only 
one wood, namely Wormley, does the Anemone become locally abundant, 
whilst typically it is rather rare. A complete list of the shade species is given 
in Table VII, and it will be seen that comparatively few species attain 
any degree of frequency, and this is usually of a purely local character. Apart 
from such species, which become important under special conditions, the 
more generally distributed are Anemone nemorom, Efilohitirn niontanum, 
Holcus nudlis, Luzula 'inlosa, Oxnlis ocefofieUa, Primula acaulis, Teuorium 
scorodonia, Viola sylvestris, and the ubiquitous Bracken. 

The Pleris society. This is the best represented society in the Q. sessili- 
fiora-Car'pinus woods, and often covers extensive areas. It is equivalent to 
the Mesopteridetum of Woodhead (“Ecology of Woodland Plants in the 
neighbourhood of Huddersfield,” Journ. Linm. Soc., vol. xxxvii, 1906; cf. 
also Wilson, loc. cit., p. 886). Like the Pleris society, so characteristic of the 
Q. sessiliflora woods in Yorkshire, Somerset and Wales, it is poor in species, 
doubtless due largely to the shading effect of the Bracken. In summer the 
light beneath its foliage is under 8 % of the diffuse light intensity outside. 
Even the vernal species do not flourish here, as they are unable to benefit 
greatly by the Light-Phase owing to the persistence of the dead fronds. The 
latter are indeed probably as efficient a means of eliminating serious com- 
petitions as a rosette habit (cf. Lindman, New Phytologist, vol. xn, 1913). 
The Bracken society typically occurs where the shrub-layer is very sparse, 
the light intensity during the Light-Phase is from 50-90 %, and during the 
Shade-Phase is relatively high (cf. Table V). Woodhead {he. cit., p. 338) 
noted the same tendency of the Bracken to become abundant where the shrub- 
layer was sparse in the woods of the Huddersfield district. Here, as there, 
this condition has probably been brought about through the action of rabbits. 
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Table VII. List of Species comprising the Shade-Flora 


Adoxa moschatellina, L. 

Ajuga reptans, L. ... ♦ 

Anemone nemoroaa, L. ... 

Arctium neinorosum, Lcj 

Aronaria trinervia, L. ... 

Arum maculatum, L. ... 

Asperula odorata, L. 

Atnyrium iilix-foemina, Roth. 

Blechnum spicant. With. 

Carex pendula, Huds. ... 

„ aylvatica, Huds. ... 

Circaea hitetiana, L. 

Conopodium denudatum, Kooh 
Convallaria majalis, L. ... 

Epilobium montaniim, L. 

Epipactis violacea, Bor. 

EquiHctum maxiiiiurn, Lamk. 

„ „ var. Hciotinum, Braun 

Euphorbia amygdaloides, L. ... 

Fioaria verna, DC. 

Fragaria vesca, L. 

Galeobdolon lutenm, Huds. 

Goum urban vim, L. 

Holcus mollis, L. 

Listera ovata, Br. 

Liizula maxima, J)(y 
,, pilosa, Willd. 

Lycopodium clavatum, L, 

Mi'rcurialis pcuciinis, L. 

Narcissus pseudo-narcissus, L. 

Ncottia nidiis-avis, L. ... 

Nepeta glechoma, Bcnth. 

Nophroclium dilatatum, D<^sv. 

,, hlix-mas, Rich. ... 

,, montanum. Baker 

„ spinulosum, Desv. 

Orchis mascula, L. 

Oxalis aceiosclla, L. 

Paris quadrifolia, L. 

Primula acaulis, L. 

Pteris aquilina, Ij. 

Ranunculus auricomus, L. 

Riimex condylodes, Biberstein 
Banicula europaea, L. ... 

Scilla nutans, Srn. 

Scrophularia nodosa, L. 

Sedum telophium, L. 

Teucrium scorodonia, L. 

Veronica montana, L. ... 

Viola riviniana, Reichb. 

„ ,, ,, f. neniorosa, Neuman 

,, sylvestris, Kitt. ... 

,, ,, „ var. punctata, (h-eg. ... 

It is probable that the Ferns were formerly more 
than a t present. 


If (2) (Ficaria-soc^) 
lf”lc (Mercurialis-soo.) 
ri'-lc 


o de (Mercurialis- and Ficaria-«oc.) 
rr-lf 


vr (.*!), probably extinct except in one 


1 ( 2 ) 

( 1 ) 

rr (If, 1) 

r-lc 

i‘r 

rr-f 

vr 

c-r ‘ 

ri‘ 

r-f (3) 
o-f 

(Broxbournc, 1855, now extinct) 

1. ab~rr 

lr(I) 

VT (1) 

0-1. a b 
vr (1) 


o-f 

r(2) 

r-f 

re 1. ah 

Ir, damper parts 
r~ If 

rr-f (Mercurialis- and Ficaria-soc. ) 
rr (la, 1) 


abundant and more generally distributed 


Except where the Bracken only occurs as scattered individuals, the light 
intensity during the Shade-Phase does not fall below 11 % (cf. Table V), 
but occasional plants are met with at intensities of as low as 4'1 %. This 
harmonises with the minimum illumination which Wiesner gives for this 
plant, namely L — 1/60, a value which corresponds to about 5 % of maximum 
diffuse illumination (Wiesner, .1., Lichtgenuss d. PJlanzen, p. 165, Leipzig, 1907). 
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The distribution of the Bracken in these woods corresponds then with 
that observed by Woodhead and is doubtless correlated with the late develop- 
ment of the assimilatory organs which begin to a{)pear above the ground at 
about the inception of the Shade-Phase (i.e. middle of May). 

The Pteris society usually exhibits a natural water-content of about 
28*5 % though even in summer this may be as high as 45 % and in winter as 
low as 25 % (cf. Table IV). But it must be noted that the soil of this society 
exhibits an unusually high organic content (cf. Table III), ranging from 
6"00 % to ]5*76 % (average 9*92%). The accumulation of peat in the 
upper layers of the soil produced by the Bracken itself may reach a depth 
of from 5 to 6 in. To this is almost entirely due the large water-content and 
its extreme variability. That this is the case is shown by the mechanical 
analyses (cf. Table II) from which it is clear that the Pteris society is charac- 
teristic of soil with a smaller proportion of silt and clay than in any other 
society except that dominated by Scilla nutans. In the latter, however, 
Pteris aquilina is also common. Here then as in the Q. robur woods it may be 
said that the Bracken occupies areas which, either owing to their configuration 
or the organic constitution of the soil, are naturally dry and acid. (Acidity 
•42--52, Acidity-humus ratio 1 : 8'8-l : 14-1.) 

The more characteristic associates of the Bracken are Rubus fruticosus, 
agg. (c), Ijonicera periclymenum (f-vc), Teucrium scorodonia (If), Scilla nutans 
(If-r), Anemone nemorosa (r-f), and Holcus mollis (c), the last-named species 
in the better-lighted parts. 

The Scilla nutans society. This society which is probably to be regarded 
as a sub-society of that dominated by Bracken occupies one or two very 
limited areas in Sherrard’s Wood, where the soil is derived from the Reading 
Beds and contains a very high proportion of pebbles. It is particularly rich 
in coarse particles and deficient in silt and clay (cf. Table II). In additibn 
the humus and water-content are especially low. The Scilla society is pro- 
bably a local variant of the Pteris society in which the comparative scarcity 
of Bracken and abundance of the vernal species are largely the effect of a 
diminished light-intensity during the Shade-Phase (cf. Table V). The only 
conspicuous accompanying species, apart from the Bracken, are Holcus 
nwllis and Galeobdolon luteum. The extremely pebbly character of the soil here 
is the more surprising in view of Wilson’s observations {loc. cit., p. 894) that 
Scilla nutans was absent from very pebbly areas. 

The Nepeta glechoma society. Like the preceding this is of local occurrence 
in Sherrard’s Wood and one other. In the former area however several acres 
are occupied by an unprecedented growth of the Ground Ivy, with which 
are associated the Dog’s Mercury (fc), and the Bugle (f-rr). The soil exhibits 
a slightly higher humus-content (about 7 %), and a larger proportion of silt 
and clay than in the Scilla society. The low summer water-content is to be 
attributed to the topographical position of this society. The light-intensity 
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during the Shade-Phase is probably too low to permit of the growth of Braeken, 
but nevertheless sufficiently high to admit of an ombrophilous species with 
persistent foliage becoming dominant. 

The Mercuriulis society. As in the Q. robur-Carpinus woods this society 
is restricted to situations that are either damp or, when relatively dry, where 
the soil covering the chalk is shallow. Typically the slopes of the depression's 
and valleys in these woods are almost always occupied by this society (cf. 
Fig. 1) which merges below into that dominated by Ficaria wrnn. The light- 
intensity is low, exhibiting an average of about 42 % during the Light- li'hase 
and of about 4 % during the Shade-Phase. 'I’he humus-content of the soil 
varies between 6-82 % and 19-4 % (cf. Table HI), but as a rule is distinctly 
lower than wdiere the Bracken predominates. The mechanical analysis (see 
Table TI) also indicates that the high water-content here, av. 3] %, is largely 
an o\itconie of the physical structure of the soil ; thus iji Brock’s Wood the 



Fifj. 2. Profily, Broc^k’s Wood. Showing the oc(‘urrence of Jiuhiis and Pteria on the higli 
ground and MercuriaUs in tlu‘ valley. Surveyed hy A. 11. vSalisbury, M.S.A. 

society has a soil with an average of 38*24 % of silt and clay, 
whilst the adjoining Fteris society has only I 7*7() %. In Titnol's Wood the 
water-content in this society was only 27*4 %, as compared with 53*4 % in 
Syniond's llydc Wood on the same day. But this low water-content is asso- 
ciated with a low acidity which even after coppicing only amounts to 0*3 %. 
The facts of distribution here then confirm the view expressed (Part ii, p. 104), 
that the occurrence of Mercurialis perennis is mainly conditioned by the low 
acidity of the soil-solution (-31). However, low acidity is often associated with a 
higher mineral content, a factor that may also play its part in the determination 
of distribution. 

Common associates of the Dog’s Mercury are the Bugle and the Ground 
Ivy. In addition Wood Sorrel, Yellow Dead nettle. Strawberry, Wood Violet, 
Primrose, Enchanter’s Nightshade, Wood Sanicle, and Veronica moniana are 
sometimes frequent. Smiicida europaea and Fragaria vemi are particularly 
met with in this society when the soil above the chalk is shallow. 

The Ficaria verna society. Damp hollows and the floors of the valleys 
where the shade in the summer is considerable and, owing to the topographical 

Jourii. of Ecology VI ^ 
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relations, the soil is always damp in spring, are generally occupied by a society 
in which the dominant species is Ficana verna. Where the illumination 
during the Shade-Phiise is higher MercuriaUs perennis becomes frequent and 
the two societies merge almost imperceptibly the one into the other. As in 
the Q. robur woods. Arum maculaium is a frequent associate of Ficaria, 
whilst Ranunmlus auricomus is confined to this society, though of rare 
occurrence. The acidity is even lower than in the last society (cf. Table IV). 

A sub-society is encountered in two of these woods where there are damp 
hollows with but a shallow soil in close proximity to the chalk (acidity nil). 
These are characterised by the frequency or even co-dominance of Adoxa 
nwsehaldlina (cf. Part ll, p. 104). Very common constituents of this so- 
ciety are various Hypnaceous Mosses, particularly the unattached form of 
Eufhynahium praelongum, whilst in one wood PoroiricJmtn ahpecurum is 
frequent. The light-intensity is about the same as that of the MercuriaUs 
society during the Light-Phase, but during the Shade-Phase is somewhat 
lower. 

The Path society. The considerable illumination (cf. Table V) of the 
paths which eveii during the Shade-Phase ranges from over 5 % to as much 
as 21 % (or under exceptional conditions eveji higher) enables but slightly 
ombrophilous species to compete here with the more specialised woodland 
types. Partly as a consequence of this and partly owing to the high water- 
content and low acidity we find a flora not merely rich in individuals, but 
comprising more than 80 species. The paths and rides in these woods are 
very wet in winter and moist even in summer. The humus-content is not 
particularly high, 7-44 — 10-7 %, but the percentage of silt and clay is large 
and comparable to that of the Q. rohur-Carpinus woods (cf. Table III). 
Usually the path exhibits a higher water-content than any of the other 
societies, with an average of about 85-G %. Associated with this fact and the 
frequent inundation of the paths in autumn we find that the two nmst charac- 
teristic species are the land-form of Callitriche slagnalis (ve-f) and Polygonum 
hydropiper (fc 1. ab). The other important species are damp-loving plants, 
of which may be mentioned Nepeia glechoma, (fc-vc). Prunella vulgaris (c), 
Poa annua (f-1. ab), Fragaria vesca (f-c), Gnaphalium uliginosum (f--fc), 
Galium palustre (f-c), Lysnmehm nemorum (c-vc), Geum urbanum (c), Mentha 
arvensis (o-c), Ranunculus repens (o-c), Circaea luletiana (f-lc), Juncus 
bufonius (If-fc), Ajuga replans (f-c), Stellaria uliginosa (f), Peplis portula 
(If-c), Oxalis acetosella (f -1. vc), and Mercttrinlis perennis (f). In the woods 
on the London (llay Cardarnim flexuosa is also a prominent constituent of 
. this society. The presence of both the Enchanter’s Nightshade and the Dog’s 
Mercury can be related to the low acidity, and we may remark that many of 
the more abundant species of the Q. robur woods are here almost confined to 
the path society. It is interesting to note that where these damp paths and 
rides are deeply shaded there is a carpet of vegetation dominated by Crypto- 
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gams, especially Mosses. This condition recalls the dominant Cryptogamic 
flora in the deep shade of many of the wet steep-side valleys of Yorkshire, 
Somerset, and Wales, occupied by woods of Q. Nessilijlora (cf. Moss, in Tifpet^ 
of British. Vegetation, p. 138; Salisbury, Proc. Linn. Soc., he. cit.). 

Very locally a dry type of path is located where the soil is gravelly and 
where the vegetation is comparable to that of a gravel heath. The character- 
istic species of such situations are Veronica officinalis, Galium saxatile, Alche- 
milla arvensis, Hypericum humifusmn, and Rumex acetosella. This is such a 
definite type of vegetation that it may be convenient to designate it l)y the 
name of the Alchemilla arvensis society, since that species is the most symp- 
tomatic of these special conditions. It may here be noted that the particular 
form of Alchemilla arvensis is that found on gravel heaths and is usually an 
erect and often but little branched plant. 

The Anemone society. This society only occurs in the woods of this type 
on the London (flay and there it is strictly local. 


Taucr VTTT. Path and Marginal Species and Coppiced Fhra 


Mnrj^in of woods 
SjXK-irs and rides 

Path 

Cc)p})i(‘ed 

Areas 

Ae^opodivnn poda^zraria, L. 

1 

— 

— 

Agrimoriia eii})at(.)i'iuiu, L. 

r 

' — 

r 

Agrostis alba, Jj. 

f ve 

— 

f--c 

,, eaiiina, L. 

— 

— 

rr- 

,, vulgaris, With. ... 

If 

— 

r 

Aira caospibhsa, L. 

vr 

— 

,, flexiiosa, L. ... 

Ajuga reptans, L. ... 

r 

— 

— 

f 

f-o 

f-e 

Alcixeinilia arvensis, 8coj). 

— 

1 (drier parts) 

— 

,, vulgaris, L. 

— 

o 

— 

Anagallis arvensis, L. 

— 

— 

0(1) 

Anemone ne in orosa, L. 

o 

— 

— 

Angelical sylvestris, L. 

Anthoxanthuni odoratum, L. 

r-f (3) 

(> 

f \ c 

,, ,, var. villosuni, Lois. 

o 

o 

o If 

Antliriseus sylvestris, HolTin. 

f 



Atjuilegia vxdgaris, L. 

r (2), now apparently extinct 


Arctium neniorosum, Loj 

f-IT 

— 

of 

Arenaria serpyllifolia, L. ... 

— 

— 

r 11) 

,, trinervia, Jj. 

o 

r 

Be 

Arrlienatheruin avenactmm, Beauv. 

o 

— 

.. — 

Arum maculaium, L. 

If 

. — 

o 

Asporula odorata, L. 

c-f 

r~rr 

i-f 

Atropa belladonna, L. 

vr(l) 

— 

— 

Barbarea vulgaris, Br. ... 

— 

— 

rr 

,, „ var. arcuata, Keiclib. 

— 

— 

r(l) 

BoUis pcirennis, L. 

— 

r 


Brachypodium sylvatieutn, R. and 8. ... 

Iff 

— 


Brvonia dioica, Jacq 

o 

— 

— 

Oalarnintha clinopodium, Bentli. 

f 

f 

— 

Calamogrostis epigeios, Roth. 

rr (3) 

— 

— 

(^allitriche stagnalis. Scop. 

— 

vc-f 

1 

Campanula latifolia, L., f. alba 

vr (1) 

— 


Cardamino flexuosa. With. 

f 

f (on London Clay) 

„ pratensis, L 

.. — 

— 

VI- (1) 

Carex binervis, Sm. 

r(2) 

— 

— 

„ divulsa, Good. 

r{2) 

— 

__ 

,, glauca, Scop. 

1(1) 

— 

— 


3—2 
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Table VIII (continued) 


Species 

Margin of woods 
and rides 

Path 

Coppiced 

Areas 

Oarex lepidocarpa, Tausch 

„ leporina, L, 

... 1(1) 

... if(i) 

— 

— 

„ pallescens, L. 

. . . 0“lc 

— 

r-f 

„ pendula, Hnds 

... If-f 

I (specially on 

London Clay 

,, pilulifora, L. 

... o 

— 

o 

„ pseudo-cyperus, L 

,, remota, L. 

... r(2) 

— 

— 

... 0(1) 

— 

— 

,, stiigosa^ Huds 

... r (on lighter soils) - 

— ‘ 

„ sylvatioa, Huds 

. . . o-rr 

— 

— 

„ vesicaria, L. 

... r(3) 

. — 

— 

„ vulgaris, Fries 

... vr(l) 

— 

— 

Cerastium glomeratum, Thuill. ... 


o (drier parts) 

— 

„ vulgatum, Fries 

... 

r-f 

r-vr 

Chaerophyllum temulum, L. 

... f 

— 

— 

Chrysosplenium oppositifolium, L. 

... If (2) (by stream 


— 

Cicuta virosa, L 

... lr(l) 

— 

— 

Circaea lute ti ana, L. 

... o-lf 

r-lo 

r~rr (damp spots) 

Cnicus lanoeoJatus, HofTm. 

. . . r-o 

, — 

„ palustris, Hoffm. 

... o-c 

— 

f-1. ab. 

Conium maculatum, L. 

... — 

— 

vr (near chalk) 

Conopodium dcnudatum, Koch ... 

... r~f 

— 

rr 

Crepis virens, L. 

... — 

— 

r* 

Dactylis glomerata, L 

... vr-f 

— 

— 

Digitalis purpurea, L. 

...‘ r-K(:i) 

— 

1-c (3) 

Dipsacus sylvestris, L 

... r 

— 

o 

Epilobium angustifolium, L. 

... r-f 

— 

o 

niontanum, L. 

... f~c 

r-f 

r-c 

,, tetragonum, L. 

... r 

r-o 

r 

„ obscurum, Schenk 

... r 



r 

Epipactis latifolia, Sw. 

... vr 

— 


,, violaoea, Bor. ... 

Erythraea centauroum, Pers. 

... r-vr 



vr 

... — 

r-f 

f-vc 

M »» alba 

Eupatorium cannabinum, L. 

... — 

— 

vr (1) 

... If (2) 

— 

Euphorbia amygdaloides, L. 

. . . rr-1 

— 

r-lc 

Euphrasia officinalis, L. ... 

... — 

f-lf (2) 

• 

Festuca gigantea, Vill 

... If (1) (damper spots) 

— 

„ ’ myurus, L. 

... — 

— 

o (1) 

Ficaria vema, DC. 

... r 

1’ 


Fragaria vesca, L. ... 

. . . c~f 

f-c 

f-c 

Galeopsis tetrahit, L. 

... 0(2) 



o (2) 

Galeobdolon luteum, Huds. 

... f-lc 



0 — 1 . ab 

Galium aparine, L. 

„ mollugo, L. 

... f 

— 

r 

... o 

— 



„ palustre, L. 

... — 

f-o 

0 (damper spots) 

„ saxatile, L. 

... — « 

l~f (3) (dry parts) 

Genista tinctoria, L, 

... r-l(3) 





Geranium columbinum, L. 




o (2) 

„ dissectum, L 

... rr 



r 

„ robertianum, L. 

... f 

r 

r 

Geum urbttnum, L. 

... c-f 

e 

r-f 

Gnaphalium sylvaticum, L. 

... r(2) 

— 

r-lf (2) 

„ uliginosum, L. 

... f 

f-fe 

f 

Habonaria chlorantha, Bab. 

... — 


r (3) 

Heraoleuni spondylium, 

... o-^f 

— 

r 

„ „ var. angustifolium, Huds. r 




Hieraceum boroale, Fries, agg. ... 

... o-^f 

r 


Holous lanatus, L. ... 

... f 

r 

f— VC 

„ mollis, L 

. . . o-c 

— 

f-c 

Hyporioum androsaemum, L. 

... vr 



„ hirsutum, L 

... r(l) 

— 


„ humifusum, L. 

If 

f-c 

„ perforatum, L. 

f 


f-lf 

pulohrum, L 

... — 

0 (drier parts) 

o-r 
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• 

Species 

E. J. Salisbury 

Table VIII {continued) 

Margin of woods 
and rides Path 

37 

Coppiced 

Areas 

Hypericum tetrapterum, Fries ... 

(H. qiiadrangulum, L. pro parte) — 

o-f 

o-f (damper spots) 

Hypochaeris radicata, L. 

... o 

— 

r 

Inula dj^senterica, Gaert. ... 

... 1 (1) (by stream) 

1(2) 

— 

Juncus aciitifiorus, Ehrb. ... 

... — 

— 

,, bufoniiis, L. 

... — 

If-fc 

o 

,, oonglomeratus, L. 

1. vo(l) 

o 

o-lc 

,, effusiis, L. ... 

... ... — 

1 

If 

,, sn pi nils, Moonoh ... 

— 

(2) 

— 

Lactuca miiralia, Freson. ... 

r(2) 

— 

— 

Lapsana communis, L. 

IT 

— 

I’ 

Lathyrus macrorhiziis, Wimm. 

rr (3) 

— 

— 

Listera ovata, Br. ... 

... 

vr (1) 

— 

Lolium perennc, L. 

Lotus major, Sm. ... 



— 

r(l) 

... o^-f 

o 

r 

Lii/Aila maxima, DC. 

f-rr (3) 

rr (3) 

r-lf (3) 

,, multifiora. Lei. 

... — 

o 

f-rr 

„ ,, „ var. congesta, Lej. — 

— 

o-f 

,, pilosa, Willd. 

... o-f c 

o 

o-fc 

Lychnis flos-cuculi, L. 

... — 

1 

1-f (damp spots) 

,, veapertina, Sibth. 

Lysimachia nomonim, L. ... 

r(l) 

— 

r (1) 

... — 

c-^vc 

c-ab 

„ nummularia, L. 

... — 

0(3) 

— 

Malva moschata, L. 

... r 

— 


Molampj’^rum pra tense, L. 

o-f(l) 

— 

f 

Melica uniflora, Ketz. 

If-fc 

r 

— 

Mentlia arvensis, L. 

r 

o— c 

0 (damp spots) 

„ puboscens, Willd. 

f (1, damp places) — 

— 

,, sativa, L. ... 
Menyanthes trifoliata, L. ... 

r(2) 

— 

— 

r-lc (2) 

(boggy places) — 

Merourialis porennis, L. 

f-lc 

— 

Ic 

Milium efTusum, L. 

o 

0 

— 

Molinia coerulea, Moench . . . 

r(l) 

— 

— 

Montia f on tana, L. 


1(2) 


Myoaotis arvensis, L. 

— 


IT 

,, ,, var. umbrosa 

Bab. ... vr(l) 

— 

— 

„ versicolor, Sm. ... 

r(l) 

— 

Nepeta glcchoma, Benth. ... 

.*!.* f-c 

f-vc 

Ic 

Nophrodium filix-maa, Rich. 

— 

— 

1’ 

Ophrys apifora, Huds. 

— 

— 

r(2) 

,, muscifera, Huds. ... 

rf2) 

— 

— 

Orchis maculata, L. 

o 

o 

— 

„ masoula, L 

... — 

— 

r-lf 

Oxalis acetosella, L. 

.! ... f 

f-lc 

— 

Podicularis palustris, L. ... 

— 

vr (1, formerly in 2) 

,, sylvatica, L. ... 

0(2) 

— 

— 

Poplis portula, L. ... 

... — 

lf--0 

o 

Picris echioides, L. 

... — 

— 

r(l) 

Plantago mrijor, L. 

— 

r-rr 

r 

Poa annua, L. 

... — 

f-1. ab 

0 

„ nemoralis, L 

fc-c 

— 

o 

,, pratensis, L. ... 

— 

r(l) 

0(1) 

„ trivialis, L 

f 

o 

— 

Polygonum convolvulus, var. 
L. and C. 

subu latum. 


r(l) 

Polygonum hydropiper, L. 

— 

fc-ab 

Ic 

„ lapathifolium, L. 

— 

r(l) 

— 

„ mite, Schrank. 

— 

(1) 

— 

Potentilla anserina, L. 

— 

0(2) 

— 

„ „ f. concolor ... — 

(1) 

— 

„ erecta, Hampe ... 

o-fc 


— 

„ fragariastrum, Ehrh. 

o 

— 

o-f 

„ procumbens, Sibth. 

— 

r-rr (2) 

— 

„ roptans, L, 

... — 

r-o 

!• 
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Margin of woods 
and ride.s 

Path 

Coppiced 

Areas 

Primula acaulis, L. 


— 

— 

o 

PiTinella vulgaris, L. 


f-r 

f~c 

r-f 

,, ,, forma alba... 

Pteris aquilina, L 


— 

— 

r (1) 


fc 

— 

1 - 1 . ab 

Ranunculus repens, L 


o 

o c 

o-vr 

,, flammula, L. 


— 

1(1) 

— 

Roscda lutea, L 


— 

— 

r(l) 

Rubus fruticosuK (secdlingfi) 


c 

— 

c-ab 

Rumex acetosa, L. 


o 

— 

o-f 

,, acetosella, L. 


— 

If (2) 

1(1) 

„ oondylodcs, Bibcrst. 


o Ic 

o 

o-f 

„ conglomeratiis, IMurr. 


— 

r(l) 

— 

„ obtiisifolius, L. 

. . . 

r(l) 

— 

— 

Sagina prociimbens, L. 


— 

If (2) 

o 

8anicula europaea, L. 



— 

rr 

Soabiosa suc(3isa, L. 


o fe 

r-f 

— 

Scilla nutans, 8m. 


— 

— 

r-lc 

Scirpus setacous, L. 


— 

Ir (2) 

— 

,, sylvaticuB, L. 

Scrophularia aquatica, L. 


r(l) 

— 

— 


1(1) 

— 

— 

,, nodosa, L. ... 

Hcutellaria galoriculata, L. 

... 

o 

r 

o 


— 

rr (1) 

— 

Sodum telcphium, L. 


.r(l) 

r(l) 

— 

„ „ „ var. purpurcum, 

L.* 

vr (1) 

— 


8cnecio aquations, Hill 

... 

1 (1, by stream) 

— 

— 

,, jacobaea, L. 


r 

r 

rr 

,, sylvaticus, L. 


— 

— 

0 

„ vulgaris, L. 


— 

— 

Y 

Hcrratula tinotoria, L 


r(l) 

— 

— 

Silene inflata, L. 



— 

r (1) 

8iaon, amomum, L. 


IT 

— 

• 

Sisymbrium alliaria, L. 


0 

— 

— 

Solidago virg-aurea, L. 


v-f(:5) 

— 

— 

Sonchus asper, Hill 


r 

— 

— 

,, oleraccus, L. 


r 

— 

— 

Sporgula arvensis, L. 


— 

— 

r 

Staohys bctonica, Benth. 


f-fc 

r 

— 

„ sylvatica, L. 


t 

— 

0 

StoUaria graminoa, L. 


0(1) 

— 

— 

,, holostOa, L. 


o-f 

— 

0 

„ media, Vill. 


— 

— 

r 

,, iiliginosa, Mu it. ... 


— 

f (damper parts) 

„ umbrosa, Opiz 


vr(l) 

— 

— 

Tamus communis, L. 


o-f 

— 

— 

Teucrium soorodonia, L. ... 


f-vc 

— 

rr-f 

Torilis anth riscu s, L. 


f 

— 

o 

Trifolium minus, 8m. 


— 

1 (gravelly places) 

Triodia decuinbens, Beauv. 


O (2) 

— 

— 

Urtica dioioa, L. 


r f 

— 

r 

Valeriana dioioa, L. 


— 

1(1) 

— 

„ sambucifolia, Mikaii. ... 


1(1) 

r 

— 

Verbascum thapsns, L. 


— 

IT-lf 

Veronica becjcabiinga, L. ... 

... 

— 

If (1) 

— 

„ cbamaedrys, L. 


e 

f 

f 

,, montana, L. 

.V. 

— 

f 

f-fc (damper parts) 

,, ofTicinalis, L. 



If (drie 

V parts) f-fc 

„ serpyllifolia, L. ... 


— 

of 

r-rr 

Vicia august ifolia, L. 


r(l) 

— 

— 

„ sopium, L 

... 

f 

— 

— 

A'iula hirta, L 


1(1) 

— 

— 

„ riviniana, L. ... 


f 

— 

f 

,, sylvestris, Kit. 


f 

— 

f 

M „ var. punctata, Oog. 


f 

— 

f-fc 

Totals 227 spp. vars. and formao 


146 

'87 

117 
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The niargirml mciety (cf. Table VIII), Owing to the high illumination in 
many parts of these woods during the Shade-Phase the distinction between 
the marginal region and the ijiterior is much less marked tlian in the woods 
dealt with in Part n. On the other hand the large areas which many of the 
Q, sessiliflora woods occupy furnish sulficiently extended margins in various 
directions to enable the full effect of aspect to be clearly presented. The 
commonest members of the marginal flora are Agrostis alba, A.s'penda odorata, 
Cnicas palusirin, Digital^ purpurea, Epilobimn uionlauam, Fragaria va^ca, 
Geiim urbanum, Heracleum sphoridyliuui, Holcus vioUis, Luzala pllosa, Melica 
ariiflora, Nepeki glechouia, Poa ncruoralis\ PofenlM^ erecta, Pferis agailina, 
Rmaej' coudglode^s, Sritbiosa snerim, Starhya betonica, and Tcucrhnn scorodonia. 
Of these the most characteristic are the Ilevirs Bit Scabious, tlie Betony, 
Wood Sage, Tormentil, and, though less common, Carex pallesceus, (K pilu- 
lifera, the Hawkweeds, and Oreater Woodrush. Here too are found several 
rare species whose occurrence though not general is nevertlieless significant. 
Such embrace Aira flexmmi. Carex slrigosa, (htaphalkiin sylvaficuin, Hyperi- 
cinn andromeinnru, Lacluca aniralis, Lailiyrus uuierorhizus, SerraUdu line- 
/aria, SoUdago virgaurea, and Triad ia decumben>'>, 

{d) The Flora of the (Urppiced Wood. As Tuight be expected, the effect of 
coppicing in these woods is not nearly so pronounced as in tlio Q. rohur- 
Carpinu.s woods. This is due in part to the more complete tree-canopy, and 
as a conse(]uence areas in wliich the tret^s have been felled appear to offer a 
close]' parallel. A com])arison of the data given in Table iX with those for 
areas occu])iod l»v a shrub-layer shows that after coppicing there is aii increase 
of the light-intensity during the Light-Phase of over 27 % ajid during the 
Shade-lfliase of over 17*7 %. Tlie degree of illumination during the latter, 
wliich exceeds 21*5 %, is the more important as so many of the constituents 
of the flora of coppiced areas are aestival s])ccies. 


Table IX. lAghlAniensilies in Coppieed Areas 


Wood 


Shcirrard's ... 

Brock's 

Symond’s Hyde 
Average' 

Approxiinaie increase diu’ to coppicing ... 


Light- Bhas(' 
/o 

80-62 
83-62 
70-^6 i) 
67-2 
... s-27'r> 


Shade- Pliaso 


20-10 
40 (av.) 
l()-r> (av.) 
214) 
r 17'7 


Effects coppicing. The first and most iTn])ortant efIVet of cf)ppicing is 
the great increase of illumination, with consequent increase in tlie number of 
species. But in addition there is a marked effect upon the organic; content of 
the surface layer and correlated change in its acidity, lleae, as in tlie Q. rohiir- 
Carpinus woods, the effect on acidity is in the direction of increase which how- 
ever would appear to lie pronounced for only a short period (cf. Table XI). 
The observations of Cameron, Baumann and Gully and others have made it 
appear very probable that the so-called soil acidity is a phenomenon of 
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adsorption (cf. however ‘E. Triivy, Journ. Phys, Chem., 1916). If this be 
subsequently established then it must be assumed that the temporary in- 
crease of acidity which accompanies the diminution of organic matter is due 
to an increased adsorptive capacity consequent upon the more rapid decay. 
It is however easier to explain the results as due to the presence of an actual 
acid produced during the disintegrating process. The change in humus-con- 
tent is very pronounced and from the data available (Table X) would seem 
to depend on a fairly regular diminution of the amount of humus present by 
approximately 1 % on the dry weight during each period of twelve months. 
After the first two years the humus-content seems to again increase, owing no 
doubt to the compensating effect of the developing stools. 


Table X. Effect of copiruying on Organic-content 


Wood 

Condition 

Organic 

matter 

Decrease 

% 

Sherrard’s 

Uncoppiced 

/o 

9-5 

/o 

I 2 

»» 

Coppiced (2 yrs.) 

7-5 

) 

0-94 

,, 

Coppi(‘(3d (li yrs.) 

8-5(> 

,, 

Uncoppiced 

7-34 

1-54 

) 

,, 

Coppiced and fclk^d (2 yrs.) 

5-8 

Brock’s 

Uncoppiced 

7 

|0-81 

>» 

Syrnond’s Hyde 

Coppiced (1 yr.) 

019 

Uncoppiced 

Coppiced (0 months) 

0*0 

|0.5 

»i» >> 

01 

Titnol’s 

Uncoppiced 

6-32 

I 0-62 

»» 

Coppiced (6 montiis) 

5*7 

Average imooppiced 

7-35 

1 MO 

Average coppiced 


0-25 ■ 

Table XL Effect of coppicing 

on Acidity 


Wood 

Condit-ion 

Acidity Acidity Humus 

o/ 

IShorrard’s 

Uncoppiof^d 

/(> 

0*504 

1 : 17 


Coppiced (2 yrs.) 

0*464 

1 : 16 

$9 

(vOf)piced (3 yrs.) 

0-5S 

1 : 14*0 

JSyinond’s Hyd(3 

Uncoppiced 

0*44 

1 : 15 


(Coppiced (() months) 

0*61 

1 : 12 

Cox’fl 

Uncoppiced 

0*25 

1 : 22 

Titnol’s 

Coppiced (f) months) 

0*30 

1 ; 19 


The flora of coppiced areas. The flora of the coppiced areas comprises 
some 117 species which, as in the case of the Q. rohur-Carpimis woods (cf. 
Part II, p, 112), are derived from three sources, namely {a) the original shade- 
flora; (b) species of the wood-margins and rides; (c) weeds. In the Q, robur 
woods 61’2 % of the species found in the coppiced areas belonged to the 
second category and the same preponderance is exhibited here. Out of the 
total of 117 species no less than 89, or 76 %, are found in the uncoppiced 
condition situated near the edges of the wood or along the paths and rides. 
Thirty-three species, or 29*2 %, are members of the shade-flora, though many 
of these are more especially found in the medium shade near the wood-margins. 
The weeds are only 13 in number and this low percentage (namely IM 
as compared with 29*4 % in the coppiced areas of the Q. robur woods, is 
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mainly attributable to the smaller area of the latter and the consequent 
proximity of cultivated ground. In these woods one of the most striking 
features after coppicing is the abundance of Bramble seedlings wliich grow 
and persist for several years, but are finally choked out as the stools develop 
(cf. however, p. 29). The Honeysuckle too develops vigorously where un- 
checked by the Hornbeam and Brambles. I’he commonest constituents of 
the herbaceous vegetation in these areas are Agroslis alba (f c), Ajuga replans 
(f-c), Anthoxanthum odoratum (f vc), Arenaria irincrvia (f c), Erylhrnm cen- 
taureum (f-vc), Fragaria vesoa (f-c), GaleoMolon luieiun (o I. ah), Hahns 
lanatus (f-vc), H. mollis (f-c), Hypericum hmiifusu m (f c), Lysimachia 
nemornm, (c ab), Veronica montana (f-h;), and V. officinalis (f-fc). Of these 
the Centaury, the Soft Grass (H. mollis), the Heath St Joluvs Woit and the 
Yellow Pimpernel are undoubtedly the most characteristic. Particularly 
noteworthy is the comparative rarity of the Cowwheat {Melampyrnm pra- 
ieme) and the Hemp Nettle {Galeopsis tetrahit), whilst thei Marsh Thistle only 
attains abundance in the damper parts. The increased number of species in 
the interior of the woods which results from coppicing and felling is illustrated 
by the accompanying table. Felled areas as compared with those only 
coppiced show an appreciably augmented flora. The influence of the time- 
factor, though not very pronounced, is nevertheless evident. 


Taule XTI. Effect of felling and coppicing upon the number of species 


Number of species 
Wood before cojipicing 

iSberrard’s 1 1 

8 y m on d’ s Hyde 1 2 

SluHTard’s (Ftdled and cojipiccil) 


Nunibf^r of s|)eeies efter coppicing 

1 s t y 1 . 2 n c\ y r . 3 1 ( I y r 

25 31 

31 3d 

— 54 (ill 


Compared with the woods on the Clay-witli-flints there is a siriking 
absence of those sheets of bloom fm nished by such species as Ficuria verna. 
Anemone nemorosa and Conopodiuni deniidatum. The paucity of the last 
named and of Stellaria holostea is particularly noteworthy, flere as in other 
oakwoods (cf. l^art ii, Table XVII, p. 113) certain members of the shade-flora, 
especially Brambles, Honey suckle, Yellow Deadnettle, Bu^le and Wild 
Strawberry, exhibit a pronounced increase correlated with fhe increased 
illumination, an augmented frequency which disappears with the growing 
pressure of competition. Those species therefore whicli normally occupy tlie 
shaded areas probably do so because there alone they can compete successfully 
with those plants which require greater illumination. 

{e) Colonisation. Generally artificial restriction gives to the woodland 
periphery a sharply defined limit so that colonisation and consequent extension 
of the afforested area is seldom met with. Here and there however, where 
adjacent “rough” land has been allowed to develop naturally, scrub appears of 
which saplings of Betula are a prominent and often abundant constituent. 
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Sucli scrub is seen in an intermediate condition at Bricket Wood Scrubs, 
in an advanced stage at Hertford Heath, and in an early phase on the south- 
west border of Wormley Wood. As the two former have already been 
described by the present writer {Ecolctgy of Scrub, loc, cit,) they need not be 
considered in detail here. It is however important to recognise the fact that 
the herbaceous flora in these areas of scrub is remarkably similar to that of 
the wood margin of the Q. sessil/iJlora-(kirpiniis woods, and the same is true 
with regard to the scrub on (lay-with-flints and the marginal flora of the 
Quercus rohur woods. All the three areas quoted above are very wet even in 
summer and this may perhaps account for the rarity of young trees of Q. 
sessiliflora, for we have noted how in woods of this species the Common Oak 
tends to become prevalent in the damper hollows. The same edaphic 
feature is probably responsible for the large proportion of Hazel accompanying 
the Hornbeam, But even having regard to these departures from the normal 
it may be said that the scrub-covered areas do tend to emphasise the natural 
character of the plant aggregates which we have here recognised. 

The wet character of the rides in these woods which has often been em- 
phasised above makes it scan*cly surprising that FraxwAis excelsior is often 
a conspicuous coloniser where these are allowed to become overgrown. 

Areas which have been coppiced sometimes exhibit numerous seedlings of 
Populus tremula and these give rise to tlie local thickets of this tree found in 
the uncut wood. 

Seedlings of either species of Oak are comparatively scarce, and this is 
largely a result of the prevalence of rabbits on these light soils. In Wormley 
Wood where the soil is heavier and too damp to be suitable for these rodents, 
Oak saplings are frequent. But usually seedlings of the Common Oak are more 
prevalent than those of the Durmast Oak which is probably to be attributed 
to the freer fruiting of the former. 

( 5 ) The Cryptogamic Flora 

(a) Musci, Most of the Mosses common in these woods are also frequent" 
in those dominated by the Common Oak, though formosiiw^ 

Dicranum scofariuta, and Fissidens hryoides are generally more abundant. 
Of those species that appear to be especially characteristic may be mentioned 
Dicranedla heteroniella, Leucobryum glaucum, Mnimn fimctaiimi, Polytrichum 
jimipe/rmuni, and in one wood Tetraphis pellucida^ and Plagiotheciiim undu- 
latum. The Moss-flora is as a whole richer both in species and individuals 
than in the woods of Common Oak. The abundance of Dicranella heteromella 
is a noteworthy feature of the sides of the woodland streamlets. In such 
situations it grows in great abundance together with the Liverwort Calypogeia 
fissa^ and forms a definite cryptogarnic society. The damper and more shaded 

* XcMler {Beih, z, Bot. Ceniralbl. 31, pp. 358-387, 1914) has shown that the spores of TetrapMs 
pellucida will only germinate in an acid medium. 

*•* This sj>ooios is characteristic of the Q. scsaiUjlara woods of Soinersut. 
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parts of these woods are frequently occupied by a Moss-society composed of 
most of the commoner species (cf. Table XIII). This may be regarded as 
the parallel, under conditions of lower rainfall, to the cryptogamic ground- 
flora of the Q. .sessiliflora--woods in the coombs and gills of Somerset and 

Tablk XIII. List of Musci 

Amblysteginin sorpens, Bruch and Schimpcr ... r (1) 

Anomodori viticulosus, Hook, and Tayl o (1) 

Aulacomniuni androgynum o 

Barbiila fallax, Hedw. ... ... ... ... vr(l) 

Brachytliecium albicans, B. and S. ... ... (1) 

,, puruni, Dixon ... ... ... f(i-c 

,, nitabiiluin, B. and S. ... ... f 

Bryurvi pendulum, 8chimp o ( I ) 

Cajnptotluudum sericeum. Kind b. ... ... ... r ( I ) 

fCatliarinea undulata, W. and M. ... ... ... c-vc 

Dicranella heteromella, 8chimp. ... ... ... e nl> 

,, rufescens, 8chimp. ... ... ... Dc 

§Dicramini scoparium, Hedw. ... ... ... f fe 

Eu rhynehi u tn conf ertum , Milde ... ... ... ( 1 ) 

,, myururn, Dixon ... ... ... o 

piliieruTu, B. and S. ... ... ... o f 

,, praelongum, Hobkirk ... ... le- c 

„ rusoiforme, Milde ... ... ... f 

„ striafiim, B. and S. ... ... ... f Ic 

,, swartzii, Hobkirk ... ... ... 1 

FiiSsidens bryoides, Hedw, ... ... ... ... o- k; 

,, taxifolius, Hedw. ... ... ... ... r-lo 

Homalia tr'iebomanoides, B. and S.... ... ... If-r 

Hylocomium splendens, B. and S. .. ... ... f 

Hypnum eordifolium, He^dw. ... ... ... 1^1) 

•f ,, cuspidatiim, L. ... ... ... ... 1 

,, . cuproRsiforme, L. ... ... ... ... c 

,, ,, ,, var. 1 ‘esupinatuin, Sehimj). r 

f ,, Rchreberi, Willd. ... ... ... ... f 

„ squarrosiim, L f-c (path) 

,, triquetrum, L. ... ... ... ... l~f 

fLeuoobryum glaucum, 8chimp. ... ... ... If (PteriR society) 

Mnium affine. Bland ... ... ... ... ... 1. vc (J) 

f „ hornum, L ... ... c 

„ punctatum, L. ... ... ... ... I lf 

,, undulaturn, L, ... ... ... ... rr 

Orthotrichum affine, Schrad. ... ... ... rr 

§Plagiotheciuni dentieulatuiii, B, and S. ... ... rr-c 

,, elegans, Schiill ... ... ... f 

,, sylvatieum, B. and kS. ... ... o 

f ,, undulaturn, B. and ^ rr(l) 

Pleuridium subulatura, Babenh. ... ... ... 1(1) 

tPolytrichum aloides, Hedw. ... ... ... 1 (1) 

§ ,, formosum, Hedw. ... ... ... c 

,, juniperinuin, Willd. ... ... ... Ic 

„ nanum. Neck. ... ... .. ... ir(l) 

Porotrichura alopecunim, Mitt ... 1f-l. ab (1) (Ficaria-Adoxa society) 

Sphagnum cymbifolium, kihrli. ... ... ... 1 (i*) 

f § Tetraph is j.iellucida, H edw. ... ... ... ... rr ( I ) 

Thuidium tamariscinum, B. and 8. ... ... f-c 

The species marked with a dagger (f ) are stated by Watson {New Phfftologist, vol. viii, j). 92) 
to be characteristic of the Oakwoods of Somerset (?Q. sesaili flora), T1k)S(‘ marked § arc 
characteristic of the Q, scssiliflora woods of Derbyshire {cL Moss, l.c.). 

Yorkshire, which is likewise developed where the light-intensity is low and 
the water-content high. Eurhjfnchium 'praelongum is particularly frequent 
where the chalk is close to the surface and there too the unattached form of 
Porolrichum alopecurum is sometimes abundant/. 
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(b) Hefaticae. The often abundant Liverwort-flora is a marked con- 
trast to the meagre occurrence of these plants on the Clay- with- flints. This 
increase is probably to be attributed to the more open texture of the soil and 
the proximity of the permanent water-table. The most frequent species are: 
Alicularia acalaris, Aphzta crenulata, Calypogeia Jissa, Cephalozia bicuspidata, 
Diplophyllum albicans, Lophocoha bidentata, L. heterophylla, Pellia fabbro- 
niana, Plagiochila asplenioides var. humilis, and Scapania nemorosa. The last 
two species are usually most frequent in the DicraneJia-Calypogeia society 
mentioned above. In no case has Metzgeria. furcata or Radula, compla,nata been 
encountered in a wood of this type, although the former is quite common on 
the tree-trunks of the Q. robur woods and the latter is not infrequent. Madu- 
theca plalyphylla which occurs in the Q. robur woods is here confined to the 
tree trunks where the soil has a low acidity. .S3 species of Hepaticae have 
been recorded (cf. Table XIV) in all. This is a small number as compared with 
the Hepatic flora in the Q. sessilijlora woods of the West, but considerably in 
excess of that in the Derbyshire woods (viz. 21 spp., cf. Moss, loc. cit.). 

Table XIV. List of Livenvorls 

Alicularia 8calari.v, Corda ... ... If-c 

*Aneura muliifida L. ... ... ... ... ... (1) 

Aplozia crenulata, Dum ... ... f-c 

,, ,, „ var. gracilliina, 8m. ... f 

„ spiiaerocarpa, Dum . ... ... ... r { 1 ) 

Calypogeia fissa, Raddi vc-lf 

„ tiichomanis, Corda ... ... ... r (2) 

Cephalozia bicuspidata, Dum. ... ... ... c-f 

* „ byssacea, Warnst. ... ... ... (2) 

Chiloscyphus pallesotms, Dum. ... ... ... r(l) 

,, polyanthus, Corda ... ... ... i-absont 

Conocephalum conicum, Dum. ... ... ... e (1) 

Diplophyllum albicans, Dum. ... ... ... vc-f 

Euoalyx hyalinus, Broidel .. ... ... ... r-f (3) 

Fossombronia pusilJa, Dum. ... ... ... rr-f 

FruUania dilatata, Dum. vr (.‘J) 

„ tarn arisci, Dum. ... ... ... ... vr (2) 

*Lejeunia cavifolia, Lindb ... ... (2) 

Lepidozia reptans, Du m . ... ... ... ... rr (2 ) 

Lophocolea alata, Mitt. ... ... ... ... o-r (2) 

„ bidentata, Dum, ... ... ... c-f 

„ heterophylJa, Dum. ... ... ... f-c 

*Lophozia incisa, Dum. ... ... ... ... (1) 

Madotheca platyphylla, Dum. 1 ( 1 ) 

Pellia opipbylla, Corda ... ... ... ... r 

„ fabbroniana, Raddi ... ... Ic-f 

Jdagiochila asplenioides, var. humilis, Lindb. ... If-c 
Riccia orystallina, L. ... ... ... ... r(l) 

„ sorooarpa, Biscli. ... ... ... ... Ir (1) 

*RiociQcarpus natans, Corda ... ... ... r(l) 

Scapania curta, Dum. ... ... ... ... vr(l) 

,, dentata, Dum. ... ... ... ... 1 (1) 

„ irrigua, Dum f (1) 

,, nemorosa, Dum. ... ... ... ... o-rr 

„ undulata, Dum. ... ... ... ... r (2) 

*Triehocoloa tomentella, Dum. r(l) 

* These' six species were rtxKirded from one or two woods of this typo by the late Mr A. E. 
Gibbs ("‘List of Hertfordshire Heimtios,” Trans. Herts. Nat. Hist. Soc., vol. vii, pp. 233-236, 
1893) but have not been observed by the writer. It is therefore probable that they are all of rare 
or very local occurrence. See also Salisbury, “New records of Hertfordshire Hepatios,*’ Trans. 
Herts. Nat. Hist. Soc., vol. xvi, pt 4, 1917, 



E. J. Salisbury 


45 


(c) Algae, In the Q, robtir-Carpinus woods the only common terri- 
colous Alga is Hormidium flaccidum, A. Br., which species also occurs in the 
Q, sessiliflora woods. The commonest and most characteristic Alga of the 
latter however upon the paths and rides is Zygnema ericetormn, Hansg. 
(cf. Fritsch, Morphology and Ecology of Zjygnemii ericetorum'' Annals of 
Botany, vol. xxx, pp. 135-149, 1916), often associated with the liverwort 
AUcularia scalaris. Mesotaenium violascens, De Bary, and the Daciylococcus- 
stage of Scenedesmiis obliqmis, Kuetz., are sparsely met with, particmlarly 
amongst the leaves of Bryum, upon the ground, or amongst Mosses such as 
Homalia and Hypnmn, upon the tree-trunks. Here too Gloeorystis vesicrdosa, 
Naeg., is sometimes encountered. The algal flora may therefore be said to 
resemble that of heaths (cf. Fritsch and Salisbury, “Further Observations on 
the Heath Association on Hindhead Common/' New Phytol., vol. xiv, p. 134, 
1915). One rare Alga, namely Microcoleus vaginatus, Gom., is locally frecpient 
upon the paths in a wood of this type situated upon the Boulder Clay. 

In view of the high acidity of the soil of these woods it is significant that 
the algal flora is strikingly similar to that described by Petersen as character- 
istic of soils with an acid reaction ('‘Stud, over Danske Acrofile Alger, 
Mern, de V Acad, Roy. d. Sc. ci d. Lcttr. de Daneniark, t. xii, p. 360, 1915). 
Moreover, the greater abundance of Hormidiurn in the Q. robur woods 
is also in conformity with the characteristic frequency of species of this genus 
on neutral or alkaline soils. Very few Diatoms have been observed, a sparsity 
which Petersen noted in the woods and forests of Denmark and which may be 
an outcome of the prevailing high acidity. 

(d) Lichens. The members of this group have only been extensively 
collected in Sherrard’s Park and Symond’s Hyde Woods. The frequencies 
apply to the former of these areas only, but with regard to the commoner 
species a wider application can in most cases be assumed. For the identifica- 
tions 1 am entirely indebted to Mr R. Paulson, F.L.S. It may be safely 
asserted that the Lichen-flora of these woods is much richer than that of tlie 
Q. robuT-Carpinns woods, for not only are there fewer species in the latter, 
but such as occur are more sparingly distributed. 


Table XV. List of Lichens. 


Calcium hyperellum, Ach. ... 

0 

Cladonia digit ata.var. denticulata, Hoffm. 

vr 

,, furcata, HoiTm. 

If 

„ macilenta, Hoffm. ... 

ab 

,, pyxidata, Fr. 

]f 

,, squamosa, Hoffm. ... 

0 

Evemia pninastri, Ach 

... c 

Graphis elcgans, Ach. 

c 

Locanora albella, Ach. 

VC 

,, chlarona, Kyi. 

o 

„ parella, var. turneri, Nyl. 

o 

„ rugosa, Nyl 

r 

„ varia, Aoh. 

ab 
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Table XV (continued) 


Locidea griffithsii, Masul 

>, quemea, Acli. 

„ uliginosa, Ach. 

Opegrapha lierpetica, Ach 

Parmolia borreri. Turn. 

„ caperata, Ach. 

,, fuliginosa. var. la«>trvircn.s, Nyl. 

,, physodes, var. labroHa. Acli. 

Baxatilis, Ach. 

„ sulcata, Tayl. 

Peltigera spuria, Leigh t. 

„ polydactyla 

Pertusaria amara, Nyl. 

„ coinmunis, IK' 

,» globiilifera, Nyl 

„ wulfenii, DC. 

PlatysTua glaucum, Nyl. 

Thelotrema lepadinurn, Ach. 

Usnea dorida, Ach. ... ... ... 

„ hirta, Hoffm. 

Verruoaria viridula ... 


r 


r 


rr 

c 

c 

VC 

c 

f 

If 

If 

c 

f 

o 

TV 

O 

f 

f 

r 


(The species referred to in Part i under th(' name of PornieJia perhita as occurring commonly 
in the Q. robur woods is probably P. mdeato.) 


(c) Fungi. It is hoiHid to give subsecjuently in conjunction with Mr Rams- 
bottom a complete ac-count of tlie Fungus-flora of these woods. The list 
of species will not therefore be given liere. It should however be stated that, 
inclusive of those previously recordcnl (vide Trans. Herts. Nat. Hist. Soc. 
excursion lists), over 450 species have been observed in woods of this type. 
The character of the Fungus-flora is distinctive and far richer than that of 
the Q. robur-Carpinus woods. As indicative of its general facies it may be 
mentioned that the following species are a few of those generally distributed 
and appear to be more or less confiried to the Q. sessiliflora-Carpinus woods, 
viz. Boletus parasiticus, (tratercllus cornucopoides, Nyctahs asterophora, 
N. parasitica, Scleroderma vulgare, Stropharia aeruginosus, and Thelephora 
laciniata. 

if) Mycetozoa. The members of this group have not been studied, and 
the list of species in Table XVT recorded from the woods dealt with in 
this paper is extracted from the local lists and two communications by 
Mr J. Saunders in the Transactions of the Hertfordshire Natural History Society, 
vol. VII, pp. 144, 145, 189.'} and vol. viii, p. 71, 1895. 


Table XVI. 

Arcyria cinerca 
,, incaniata 
Fuligo septica 
Hemiarcyria clavata 
Leooarpus fragilis 
Lycogoia epidendruni 
Physanim Icuoophacinii. 


List of Mycetozoa 

Stemonitis ferruginea 
'J'richia affinis 
„ fragilis 
„ jackii 
„ scabra 
„ varia 
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(6) Fauna 

Rabbits are the cotiinioii mammals in tliese woods and they play 
an important role in determining the snccession phases (see p. 29). The 
immunity of Bracken and Brambles from their ravages lias been i*emarked 
and the same. feature with regard to the former species was ob8er\ ed in iJie 
Breckland by Farrow {Journal of Ecology, vol. v, j). (i). Se[uirfels ai*e not 
infrequent and often damage the shoots of young trees, ddiere is no indication 
that any of the other larger animals directly affect the vegetation, tliough in 
a state of nature there can be little doubt that multi})! i cation of the already 
frequent stoats would greatly diminish the effects of the rabbits. 

Amongst the Lepidoptera Torlrix v 'm^ is often exce})tionally abundant, 

and its larvae, which mainly attack the leaves of the Hornbeam, often reduce 
the assimilatory area of the latter by from dO 50 

Perhaps the most interesting aspect of the lower fauna is the poverty both 
of species and individuals, thus aflnrding a parallel to the spai’se flora. Tliis 
feature is ]H‘obably to be correlated witli the ])revalent high acidity. In this 
connection my friend Dr A. E. Boycott, F.R.S., has kindly inade a comparison 
foj' me of the Molluscan fauna in two }mrts of Slierrard’s Wood, viz. (1) in the 
Q. sesHiliflm'a-Carp^^^ wood, and (2) from beneath Beech trees on the edge 
of the Oak Wood situated at t])e foot of the Reading Bed escarpment on the 
chalk outcrop. From the foianer habitat two species only were jioted, viz.. 
Helix ro/iindala and A non horlensis^ w^hilst from the latter no less than 
18 species were observed. The number of Beetles. I^j)iders, etc., also showed 
a similar relation. 


Part IV. Comparative Results 

(1) Comparison of the Q. robur- Carpi nus and Q. sessiliflora-Carpinus 

woods 

(a) Edaphic conditions, A study of the data given in Tables IV, XI, 
Part II and Tables II and III, Part in, shows that the liumus-content is 
lower (average for Q. s, — 8‘5 %, for Q, r. ~ 10*4 %) and the proport ion cl 
silt and clay is smaller in the soil of the Q, scssil/ifloraAJarp^m^ woods than 
in that of the Q. robiirAJarpinus woods. This naturally involves a diminished 
water-content, and estimations based on soil-sam})les taken from the two 
types on the same day (Table XVII) bear out such an assumption. Hence the 
ground-flora is essentially that of drier tyjies of soil in spite of the close 
proximity of the water-table. 

Moreover if we compare the average of all the estimations of water-con- 
tent the woods of Common Oak show 33 % on the dry weight as compared 
with 29-5 % for the Durmast Oak woods. 
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Table XVII. Water-contents of composite soil-samples, all collected on the 
same day after heavy rainfall (13/1 1/15) 

Water-content 


Locality 

Symond’8 Hyde ... 

Type 

Q. sess.-( ^arp. 

341 I 


30*2 

Titnol’s ... 


24*5 1 

,, ... ... 


2tV9 

Cox’s 

Q. sess.-Q. r.-Carp. 

320 

>» • * • 

»» »> 

33-2 > 

Langley ... 

Q rohur*('arp. 

40-12\ 

>> . . • > « • 


40-30 

Cutt’s Green 


40-20 

■Puddler’s 


40.30 


34-7 

>9 • • • 


35-4 / 


Av. 38-5 


The absolute acidity of the two types irrespective of water-content shows 
0*41 % for the Q, sessilijiora and 0*44 % for the Q. rohur woods. But we have 
noted that the acidity-humus ratios indicate a higher acidity for the former, 
and if we divide tlie acidity by the average water-content in each case the 
result shows a very slightly higher .acidity for the Q, sessiliflora woods. In 
this connection it is important to recognise the influence of the permanent 
water-table. It is well known that the present plane of permanent saturation 
in Hertfordshire is much lower tlian in times past, a fact sufficiently borne 
out by the obsolete and obsolescent streams. This implies that formerly the 
surface soil in the Q, sessiliflora woods was water-logged, and consequently 
though the soil-solufion would be more dilute this was doubtless more than 
compensated for by the absence of aeration. In these woods as on several of 
our commons (cf. Salisbury, Trans, Herts, Nat, Hist, Soc, vol. xv, p. 71, 1915) 
the decrease in amount of Callmia and the growing rarity of other peat-lovers is 
pronounced. At the time then when the present distribution of the two species 
of Oak was determined one may well suppose that the differences in acidity ' 
were more pronounced than now. The electrical resistances (cf. Table XVIII) 
of solutions obtained with distilled water from air-dried samples (cf. p. 23) 
indicate that the soluble mineral salts present are more abundant in the soils 
from Q, robur woods. In view of the very considerable dilution the difference 
in ionisation is most likely negligible. Hence we can probably regard the 
resistances so obtained as approximately inversely proportional to the per- 
centage of electrolytes present. On this assumption the soluble salts in the 
soil of the Q, robur woods probably amount to over 50 % more than in that 
of the Q. sessiliff)ra woods. 

(6) Floristie differences. The trees and shrub-layers. The following are 
present in the Q, sessiliflora-Carj)mus woods, but absent from the Q, robur- 
Carfinus woods: Populus alba, Pyrus communis, Rhamnus catharticus, R, 
franyula, Ribes rubrimi, Rosa stylosa, R, tomentella, and R. tomentosa. All of 
these are either very rare or rare, though Rhamnus frangula may be regarded 
as a characteristic species. 
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Table XVIII. Electrical resistances of soil-sohdions 


Locality 

Type 

Ground’ftora 

Resistance in 
ohms 

TitnoPs 

... Q. sess.-Carp. 

Mercurialis dom. 

1100 

Symond’s Hyde 

•*• >» »> 

Pteris dom. 

1100 

Brook’s 

„ „ (coppiced) 

1150-1550 

Cow Heath 

* • • r » if 

Pteris dom. 

1200 

Shorrard’s 

••• >» 9f 

Nepeta dom. 

Scilla dom. 

1400 

,, 

»» 99 

1450 

if ... 

••• ♦» »* 

Mercurialis dom. 

1100 

»» ••• 

• • * 99 99 

Ficaria-Adoxa dom. 

700 

Pinner (Middlesex) 

*.• 99 

Pteris dom. 

1400 

99 99 

••• >» 99 

... Q. robiir-Carp. 

Dense slirub-layer 

1550 

Ball’s 

Sparse 

1.500 

Sauncy 

99 99 

Anemone dom. 

G50 -400 

Ambrose 

••• 99 99 

Scilla -Mercurialis 

700 

Cutt’s Green ... 

" • • 9^ 

Anemone dom. 

650 


Average ... 

( Q. sess. -Carp. 1 245 

IQ. robur-Carp. 780 



Of much more interest is the fact that several trees and shrubs found in 
the Oak woods of Hertfordshire are only met with in those of the Common Oak 
where the Durmast Oak is also present. Such are Pyrus aucufaria, P. tor- 
minalis, Prumis vmitiiia, and Vihurmmi of ulus, all, except the Bullace, species 
that occur characteristically in Q, sessiliflora woods elsewhere. The Holly, 
the Red Birch, and the Ling are all much more frecpient than iti the Q, robur 
woods. On the other hand Primus avium is much less common and the Lime 
is usually absent. Clematis vitalba, which is local on the (day-with-flints, in 
these woods is confined to the chalk-pits. The most striking feature is however 
undoubtedly the abundance of Brambles and Honeysuckle^ which only attain 
any considerable frequency in those Q. robur woods where Q. sessiliflora is 
also present. 

The yround-flora. In the herbaceous flora the distinctions are much more 
numerous. Some 50 species are met with in the woods of Durmast Oak, 
which are not present in the Common Oak woods, but the absence of some of 
these is doubtless purely accidental. Those probably to be regarded as charac- 
teristic and which are of frequent or common occurrence are: Car ex folles- 
cens (o-lc), C. pendula (If -f), Eupatorium cann,abinum (If, 2), Jimcus biifoyiius 
(If-fc), Lotus major (o-f), Luzula maxima (f-rr), and Polygonum hydropiper 
(fc-ab). Other characteristic but uncommon species also absent from the 
Q, robur-Carpinus woods are A ira fiexuosa, Care r pilulifera,,(l pseudo-cyperus, 
C, strigosa, Chrysosplenium oppositi folium^ Menyanthes tn'foliata, Molinia 
coerulea, Montia fontana, Nephrodium monianum, M spinuiosum, Pedicularis 
palustris, Potentilla procumbens, Scirpus ' setaceus, S. sylvatieus^ Serratula 
tinctoria and Triodia decumbens. Other species characteristic of the Q, sessili- 
flora woods though absent from the typical Q. robur woods are met with in 
those where Q. sessiliflora is also present. They include Angelica sylvestris, 
Blechnum spicant^ CaUitriche stagnalis^ Hypericum androsaenium, H. tetra- 

^ This same feature is exhibited in the Q. deasiliflom-Carpinua woods at Pinner* 
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pterum, Lathyrus macforhizus, Luzuht muUifiora, Pedicularis sylvatica, Poten- 
tilla erecta, Scahiosa succisa, Scutellaria galericulata, Stellaria uliginosa, and 
NepJirodium dilatatuni. Several species show considerable differences in their 
frequency in the two types of wood (cf. Table XIX). 

Table XIX. Comparative Frequencies 
(1) More abundant in Q. robur-Carpinus woods: 


Species 

Q. sess.-Carp. 

Q. robur-Carp 

♦Anemone nemorosa 

rr-lc 

vc-ab 

Arenaria trinervia (copp.) 

f ~c 

c-vc 

Arum macuJatum ... 

If 

f-c 

Barbarea vulgaris (copp.)... 

rr 

la 

Cnicus palustris (oopp.) ... 

f-1. ab 

C“VC 

Conopodium denudatum ... 

rr-f 

f VC 

♦.Dipsaous syivestris 

o 

rr-lc 

Ficaria vema 

. . . r-1. ab 

e-ab 

Galeopsis tetrahit (copp.) ... 

r 

c-vc 

Geranium disseotum 

IT 

f-c 

Hypochaoris radicata 

r~o 

i-4o 

♦Mcrcurialis perennis 

1. al) rr 

ab-vc 

Primula acaiilis 

r f 

f-rr 

Ranunculus auricomus 

Jr 

fc-r 

♦Sanioula ouropaea 

... rr-f 

f-vc 

♦Scilla nutans 

iT- i. ab 

ab 

Scrophularia nodosa 

o 

o-f 

Sisymbrium alliaria (edge) 

or 

f-c 

Stellaria holostea (edge) ... 

of 

f-VC 


Species marked * were found by Wilson (loc. cit.) to be either occasional or absent in the 
Q, sessilifima woods of Surrey on the London CJay, but common in the Q. robur woods on the Clay- 
with-flints. 


(2) More ahimdanl in the Q. sessiliflora-Carpinus woods: 


Cardamine flexu osa 

f (London Clay) 

r(l) 

Epilobium montanum 

f-c 

0— f 

Erj^thraea centaureum (copp.) ... 

l-VC 

f-c (light soils) 

Fragaria vesoa 

c-f 

f-r 

Galium palustre 

fc 

0(1) 

Holous mollis (oopp.) 

f-C 

r-vc (light soil) 

Hypericum humifusum (copp.) ... 

f~C 

r 

t „ pulchrum (copp.) 

o-r 

vr 

,, tetraptenim ... 

fLuzula pilosa 

o-f 

r 

o-fc 

o-f 

Lyeimachia nemorum (path and copp.) 

c-ab 

r-f 

Peplis portula (path) 

If-c 

0(1) 

tPteris aquilina 

1. ab-o 

r (ab. in 2) 

fStaohys betonioa (edge) ... 

f 

r 

fTeucrium scorodonia 

f-c 

f 

Veronica officinalis (path and copp.) 

f-fc 

r 


Species marked f were found by Wilson to be occasional or absent in the Q, robur woods on 
clay- with -flints and common in^the Q, sessiliflora woods on the London Clay, 

About 50 species are present iii the Q. robur woods which are absent or 
very rare in the Q, sessilijlora woods, but most of these are not of sufficient 
importance to particularise. The more characteristic are Galeofsis ladanum, 
Geranium molle, Helleborus viridis, Iris foeiidissima, Lychnis dioica, Melilotus 
officinaliSy Pimpinella major ^ Plantago lanceolata, Polygonum aviculare, P. 'per- 
sicariay and Solanurn nigrum. 
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The difiEerences in the vegetation of the coppiced areas are equally striking, 
for whilst in the Q. robur woods Cnicus palustris and Galeopsis tetrahit are 
abundant, in the Q, sessiliflora woods these species occur but rarely. Other 
characteristic species of the former which are infrequent or rare in the cop- 
piced areas of the latter are Geranium dissectum^ Barbarea vulgaris, Stellaria 
holostea, S, graminea, Dipsacus sylvestrisy and Verbascum thapsus. Holcus 
lanatus too is usually replaced in Q, sessiliflora woods by Holcus mollis. On 
the other hand Hypericum humifasum, Lysimachia neniorum, Erythraea 
centaureum, and Veronica officinalis are common here and infrequent in the 
Q, robur woods. 

The foregoing floristic differences emphasise the calcicolous facies of the 
herbaceous flora in the Q, robur woods and its calcifugous character in the 

Q, sessiliflora woods. Prom this point of view it is interesting to note that 

R. W. Scully {Flora of County Kerry, pp. xliv-xlvi, Dublin, 1916) enumerates 
the following in bis list of calcicole species: Barbarea vulgaris, Sisymbrium 
alliaria, Arenaria trinervia, Pimpimlla major and Verbascum thapsus, all of 
which are much more frequent in the Q. robur woods. Again the following 
which are characteristic of the Q, sessiliflora woods are stated to be calcifuge: 
Stellaria uliginosa, Monlia fontana, Hypericum hamifusum, H. pulchrum, 
Lathyrus macrorhizus, Potenf illa erecia, Chrysospleniuw oppositifolium, Peplis 
portula, Galium saxaiile, Gnaphalium uliginosum, Calluna vulgaris, Menyanif^es 
trifoliala, Digitalis purpurea, Pedicularis spp., Polygonum hydropiper, Luzula 
maxima, L, nrultijlora, Car ex binervis, Molinia ever idea, Pteris a(iuilina, 
Blechnum spicant,' and Nephrodium montanum. The calcifuge tendency of 
both Q, sessiliflora and Carpinus hetulus has already been dealt with, so that 
we see this aspect emphasised in trees, shrubs, and herbs alike. Indeed the 
Q. rohur-Corylus woods, the Q. rohur-Carpinns woods, and the Q. sessiliflora- 
Carpinus woods form a series in which the flora becomes more and more 
calcifuge in character. By the term calcifuge as used here it must however 
be understood that a distribution normally confined to siliceous soils is implied. 
It is probably pressure of competition rather than preference that is mainly 
responsible for the restriction of calcifuge species to siliceous soils. 

(2) Comparison with other Q. sessiliflora woods 

The most detailed account of the vegetation of Q. sessiliflora woods in 
this country is that given by Moss {loc, cit.) for those of Derbyshire. Compari- 
son with the Hertfordshire woods shows that of the 231 native species enumer- 
ated by that author 73 are not represented in the Q. sessiliflora woods of 
Hertfordshire, whilst the flora of the latter includes 109 species which do not 
occur in the Derbyshire woods. Of the 153 species, exclusive of varieties, 
common to both, the most pronounced feature is the close correspondence 
exhibited by the frequencies in these two such widely separated counties: 
a fact which not only emphasises the natural character of the ecological 
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assemblage but also serves to indicate the importance of edaphic and biological 
as compared with minor climatic differences. The most important dis- 
crepancies between the frequencies of species found in the two regions are 
given in the following table. 

. Table XX: Frequencies in Q. sessiliflora woods of Hertfordshire and 

Derbyshire 


Species 

Hertfordshire 

Peak District 

Agrostis vulgaris 

r 

1. ab 

Aira dexuosa 

r 

1. sd 

Ajuga reptans ... 

f-lc 

1-0 

Anemone nemorosa 

rr-lf 

1. ab 

Asporuia odorata ... 

r r-f 

1. ab 

Cardamine flexuosa 

f 

o 

Carex pallescens 

o-lc 

vr 

Chrysosplenium oppositifohum 
Epilobium montanum 

... If (2) 

f-c 

1. ab 

0 

Galeobdolon luteurn 

f-c 

o 

Galium aparine 

f 

1. ab 

Hypericum perforatum 

Luzula maxima 

f 

r 

rr-f 

1. ab 

Lysimaohia nemorum 

c 

r~o 

Morcurialis porennis 

rr-1. ab 

o 

Molinia coerul,ea 

r(l) 

1. ab 

Nepeta glechoma ... 

fo 

r-o 

Poa nem oralis 

fo-c 

vr 

Athyrium fihx-foemina, ... 

vr 

o-la 

Nophrodium montanum ... 

... vr 

1. ab 


Of the species absent from the Derbyshire woods but present in those of 
Hertfordshire the great majority are of rare or uncommon occurrence, but 
those of greater frequency include Agrostis alba^ Brachyjrodium sylvaticuni, 
Callitriche stagnalis, Erythraea centaur eum^ Eu/patorium cannabinum, Euphorbia 
amygdaloides, Galium pahistre, Gnaphalimn uliginosum, Hypericum humi- 
fusum, H. tetrapterum, Luzula muUiflora, Peplis portula, Poa annua, Polygonum 
hydropiper , Ranunculus repens, Scabiosa succisa, Stellaria uliginosa, and 
Veronica officinalis. It will be noted that the most common of these are 
species characteristic of the paths and rides. 

The more important species of the Peak district woods absent from those 
of Hertfordshire are Carex laevigata, Equisetum sylvaticum^, Geum rivale, 
Lychnis dioica, Myrrhis odorata, Petasites ovatus. Primus padus, and Vaccinium 
myrtillus. The remainder are either rare or only of local occurrence. 

Finally we may note that many of the species common in the disused 
quarries, passing into Q, sessiliflora wood, described by Mr Margerison (Brad- 
ford, 1909), are those characteristic of the woods here dealt with (compare also 
Rubel, New Phytol. vol. xi, p. 55, 1912). 

^ In general species commonly associated with peaty soil are more frequent in the Q. aessili- 
flora woods of Derbyshire, Wales and Somerset, than in those of Hertfordshire. Indeed as might 
perhaps be expected the Q. sesailiflora-Carpinua woods exhibit a vegetation that has something 
in common with that of the lighter types of clays and so as it were connect the Durmast Oak woods 
of acid siliceous soils on the one hand with the Q. robur-Corylua woods of nearly neutral clays 
on the other. 
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THE AQUATIC AND MARSH VEGETATION 
OP ESTHWAITE WATER 

By W. H. PEARSALL 
{With twelve figures in the Text) 

Continued from Vol, 6, j)- 202 

V. The Marsh and Fen Vegetation of Esthwaite Water 

The terrestrial hydrophytic vegetation at Esthwaite falls naturally into 
two subdivisions: 

A. The purely zonal plant communities bearing no relation to the aquatic 
succession. 

B. The communities succeeding aquatic plants as the mud gets above 
the water level. 

I propose to refer to these two types of communities respectively as marsh 
and /en types, since the habitats, plant communities, and biotic relationships 
of each are widely different. 

A. The marsh vegetation occurs in zones near the water, and is con- 
fined to substrata composed of the primitive rounded morainic stones of 
which the shores are built. Locally, these are superficially eroded, or masked 
by thin peat, but these variations produce little difference in the vegetation, 
which is apparently chiefly controlled by the stony substratum and the 
slightly acid waters of the lake. The following communities are distinguished. 

(i) Along sheltered, slightly eroded and unsilted parts of the shore, local 
communities of Eleocharis palustris or Phalaris arundinacea occur, extending 
sometimes below the summer level, and to about 10 15 cm. above it, with 
Lythrum Salicaria frequent. All three species have tough rhizomes capable 
of penetrating the interstices of the hard substratum. Where peat accumulates 
or silting sets in, these communities pass into the Phragmiles consocies. The 
communities being developmental and having one dominant each, can be 
termed respectively the Eleocharis palustris consocies and Phalaris arundi- 
nacea consocies. 

(ii) Where pasture land abuts on the lake, an open community of the 
following species occurs, usually at levels of 10- 30 cm. above the summer 
water level. 

"^Ranunculus Flammula f ■ Lythrum Salicaria o 

Caltha palustris 1 Hydrocotyle vulgaris f 

Potentilla palustris 1 Achillea Ptarmica f 
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Senecio aqvMicus 1 

Hypochaeris radicata o 

Lysimachia Nummularia 1. ab 
Myosotis caespitosa f 

*PruneUa wlgaris i 

Litorella lacustris o 

Polygonum Hydropiper o 
*J uncus effusus f 


*J . conghnieratus 1 

*J. articulatus ab 

Carex Goodenowii o 

C. flacca f 

C. flam f 

*Rhaeomitriuni heierostichum f 
*Climacium dendroides I 

*Hypnum cuspidatum r 


The species asterisked are characteristic of exposed places. The sub- 
stratum is always stable, though wave washed when the water level is high. 
This community also passes into feu communities if peat or silt accumulates - 
the transition being marked by an abundance of Agrnstis alba, Molinia 
caerulea and J uncus sylvaliaus — and can be termed a colony, since it represents 
the invasion of a bare area by two or more species. 

(iii) In many places, w'oods of Quercus sessiliflora extend almost to .the 
water’s edge. The slope is usually rather steep and the substratum of the same 
type as in the marginal colonies, which are confined to a narrow wave-washed 
zone near the water. Moisture-loving trees replace the oak along the water 
margin, and the ground flora beneath them is as follows, the trees themselves 
being Fraxinus excelsior, Alnm rotundifolia, and Salix cinerea, of which the 
alder is most abundant. 


Ranunculus Flammula f 

Achillea Ptarmica 

f 

R. repens 

0 

Senecio aquaiicus 

o 

Caltha palustris 

f 

Cnicus palustris 

1. ab 

Meconopsis camhrica 

r 

Centaurea nigra> 

r 

Lychnis dioica 

f 

Scrophularia nodosa 

f 

L, Flos-cuculi 

f 

Rumex ohtusifolius 

o 

Poteriwm officinale 

0 

R, acetosa 

1 

Spiraea JJlmaria 

ab 

J uncus articulatus 

o 

Lythrum Salicaria 

f 

J, sylvaticus 

Id 

Epilohium montanum 

o 

Phalaris arundinacea 

Id 

Circaea lutetiana 

o 

Agrostis alba, v. coarctata Hopni. 

1 

Angelica sylvestris 

1. ab 

A. alba, forma giganlea 

1 

Galium Aparine 

o 

Deschampsia caespitosa^ 

1. ab 

Valeriana oJfficinaUs 

f 

Holcus lanatus 

o 

V, samhudfolia 

1 

Molinia caerulea 

Id 

Scabiosa Succisa 

ab 

Rrachypodium. sylvaticum 

1. ab 

Nearer the water and 

light. 

Phalaris and J uncus sylvaticus are 

: locally 


dominant; while further away Molinia, Spiraea and Deschampsia caespitosa 
become abundant, merging finally into damp oakwood with Mercurialis 
perennis and Circaea lutetiana. The inner marsh zone is distinguished from 
the outer by greater shelter, lower water table and weaker light intensity— 
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which falls from *5 to -05. Definite quantitative determinations of water and 
humus are not possible owing to the nature of the substratum: The slightly 
acid soil waters probably account for the presence of such species as Molinia 
caerulea, Juntas sylvaticus, Rmnex acetosa and DescJmmpsia caespitosa. The 
two marsh zones are probably no more than societies (cf. Clements) of the 
oakwood community. 

(iv) At the South end of the lake, there is a bank of morainic material, 
which, formerly submerged and superficially eroded, is now covered with 
vegetation. This bank has a maximum elevation of 2-75 m. above summer 
water level, a gradual slope- 1- in 15 — and its vegetation is divided into five 
well marked zones according to its distance from the water. At the water’s 
edge, the gravel is unstable, and forms a slope about 1 m. wide, at the top ot 
whi(*h a sparse marginal colony is developing. Pushing out on to this colony, 
Carex elata occupies the next zone, where the grave] is quite stable. During 
floods the Carex acts as a breakwater for the zoiies belli nd it, and normally 
affords a drier habitat for Scabiosa Sttecisa, CaUha p)ciluslris, Lythrwtn Salimria, 
and Valeriana sayyihiicifolia. The water level of tlie Carex zone varies between 
7 and 14cm. Behind this zone there is a dense sward, on stable gravel, of 
the following: 

Hydrocotyle vulgaris f Jumms articulatus 1. ab 

Carex panicea ab J. ejjusus o 

C. echinata f Prunella vulgaris f 

Itanunculus repens f Potentitla. palusfris c 

R. Flarmimla ab Lythruni Salicaria f 

Viola> palustris f Molmia caeridea f 

Spiraea Uhnarui If 

These are beyond the reach of wave wash, and as peat ^ucumulates, 
Molinia and Myrica Gale extend downwards from the zone above, where they 
are dominant. The highest zone is a closed thicket of small trees: 

Betiila tonientosa ab Rhanmus franyula f 

SaMx cinerea ab Coryllus avellana 1 

Alnus rotundifolia ab Quercus sessiliflora o 

Fraxinus excelsior 1 

This is extending on to the Molinia- Myrica zone, and will ultimately 
cover the lower zones as the water level gradually falls, owing to the cutting 
back of the outlet. It is a natural extension of an adjacent oakwood, and the 
respective zones will probably ultimately pass into oakwood societies akin 
to those described in (iii). 

B. The Pen Successions. Fens at Esthy^aite succeed the aquatic sere 
and are developed on peaty or sedimentary soils. The communities are de- 
scribed under this name because of their close floristic resemblance to those 
described in Types of British Vegetation. The fens at the north of the lake, 
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beipg most characteristic and instructive, will be considered first. Their 
development is chiefly due to the abundance of silt brought down by the 
Black Beck, of which the current is sufficient to transport stones to within 
270 m. of the lake. Hence all the finer sediments, considerable in quantity, 
are dropped in the lake or in the fen round the beCk mouth. In 1888, the lake 
water reached a point at least 25 m. further inland than it does today, giving 
an extension of almost 1 m. per annum. This rapid silting is in part due to 
the heavy annual rainfall, which at Esthwaite Mount was 71 '3 ins. (175 cm.) 
for the period 1900-1909. At Black Fell, further up the valley, it was 81*3 ins. 
(200 cm.) during the same period. {British Rainfall.) Heavy rainfall and 
rapid silting .are therefore, two of the conditions under which this fen has 
developed. Also important, probably, is the acidity of the waters of the 
stream, lake and fen soil — in reaction to phenol-phthalein. 

Of these three factors, the deposition of sediment is most important. It 
is obvious that it will be most rapid round the beck mouth and will decrease 
to the right or left of the line of flow. This gives the clue to the conditions 
under which the fen soils are developed. Those along the stream side were 
built up rapidly of inorganic silt. Those furthest from it receive least silt 
and show a greater proportion of organic remains. Procieeding eastward from 
the Black Beck at A (see Fig. 9), the soils fall naturally into the three 
following types: 

(1) Stations 4, 5, 6 and less typically 7. Soil light and grey brown in 
colour, clayey in texture. Ash at least 70 % of the whole, generally 75 to 80 % . 

(2) Stations 8, 10 and 11. Black fen peat, amorphous, wet. Contains at 
feast 40 % of ash. 

• (3) Stations 16, 16, 17 and 18. Peat dark brown, and close textured, 
tough and fibrous, with plant remains well preserved. Less than 20 % of 
ash present. 

Each of these three types of soil represents a zone in which the rate of 
sedimentation is approximately constant, and we are justified in distinguishing 
these, as respectively the zones of rapid, moderate and slow sedimentation. 

Water level. The variations in water level in different parts of the fen 
were ascertained by digging holes at different stations, and after two days, 
taking readings on six successive days (Aug. 4th-9th, 1915), at the same time 
(2 P.M.) each day. The water levels were lowest near the stream, for the 
rapid sedimentation causes a distinct bank to develop along the stream side. 
The results are included in the descriptions of commimities and their habitats, 
and, represented graphically, indicate three types of variation in the water 
level (Fig. 10). 

Type 1. Holes at Stations 1, 2, 3 exemplify places where slight variations 
in water level correspond with the variations in lake level. 

Type 2. In Stations like 4, 6, 6 and 7 the variations agree with those in 
the stream. These are all in the region of rapid silting. 
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Type 3. In these Stations (e.g. 16, 16, 17 and 18), the water levels appar- 
ently depend on locally varying factors, such as drainage and shelter. At 
the same time, rainfall causes a certain uniformity. These stations are those 
at some distance from the stream. 
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Fig. 9. Map of the fen plant communities on North Fen, Esthwaite Water. 
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The contrast between the two former types and the last is most clearly 
illustrated on August 9th. On that day, 
the stations of type 3 were drying up, and 
their water levels falling. The water levels 
of stations near the lake and stream were, 
on the other hand, rising, owing to the 
continued rise in lake and stream levels. 

Thus it seems reasonable to assume that 
there is an intimate connection between the 
soil water of the region of rapid sedimenta- 
tion and the waters of the stream. The soil 
waters of places farther from the stream 
are chiefly renewed by rain water, but also 
by waters ‘‘banked up” from other parts 
of the fen. 

We can now summarise the differences 
between the two extreme zones, as follows: 

West of the Fen: 

1 . Soil inorganic and <?layey. 

2. Abundant inorganic silt. 

3. Soil water dependent on that of the 

stream. 

4. Soil level higher and relatively well 

drained. 

East of the Fen: 

1. Soil peaty and undecayed. 

2. Little or no inorganic silt. 

3. Water much more dependent on 

rain. 

4. Soil level low, and drainage bad. 

All the above factors are dependent on, 

and vary as, the rate of sedimentation, and 
therefore, in subsequently referring to the 
rate of sedimentation, the other conditions 
will be implied. 

Before describing the plant communities 
on these types of substratum, the methods 
used may be briefly described: light in- 
tensity was determined in some cases by 
the iodine method (described above); in 
the remaining instances by a photographic 
actinometer. 
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North Pen in the neighbourhood of 
the Black Beck, on succ«iteive days 
in August, 1916. 


Soil samples were estimated in accordance with Crump’s method ( 4 ). 
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Water, humus and ash contents are expressed as percentages of the aiT-dried 

soil, the coefficient of soil humidity then being found from : . 

® humus content 

Owing to the frequent rains in a region of high rainfall the coefficient of 
relative humidity is of rough comparative use only, and the position of the 
water table is as a rule, of greater value in estimating soil humidity at 
Esthwaite. 

The plant communities on this fen are related to the vaiiations in con- 
ditions described above, for each of the zones of sedimentation is characterised 
by a distinct belt of vegetation. Even the reedswamp, common to all three 
zones, shews considerable variations in the different zones. Taken in order 
from the lake inland, the typical communities of each of the three silting areas 
are as follows: 

1. Area of Rapid Sedimentation. 

(i) Reedswamp. (ii) Mixed fen associes. (iii) Reedgrass associes. 

2. Area of Moderate Sedimentation. 

(i) Reedswamp. (ii) Carex elnta consocies. (iii) Open carr. (iv) 
Closed carr. 

3. Area of Slow Sedimentation. 

(i) Reedswamp. (ii) Transition communities, (iii) Molhria caoidea 
consocies. 

In each zone, the communities succeed one another in the order given, 
as the peat level gets higher, and the substratum "oecomes older. The inter- 
relationships of the three successions will be indicated later. 

1. Area of Rapid Sedimentation. Though in this zone the substratum 
is typically inorganic, the two earlier communities occur on relatively organic 
soils, due to the vast accumulations of organic debris from the annual dying 


down of the rich reedswamps 

in places over 4 

m. high. 

The following soil 

samples shew this and indicate the edaphic 

conditions 

of the different; 

communities. 


Humus 

Ash 

Water 

Community 

Content ( %) Content ( % ) 

Lcv«'l 

(i) Reedswamj) 

55-9 

34-2) 

42-9 



47-8 



52-8 

38-5 ( 

0-1 2-0 cm. 

ty 

54-5 

41-4) 


(ii) Mixed fen associes 

54-6 

38-8) 


»» yy 

49-4 

40-9 [ 

10 15 cm.* 

yy yy 

37-3 

53*5 ) 


(iii) Reedgrass associes 

191 

77-4) 


yy yy 

Khb 

794> 

10-30 cm.* 

yy yy 

240 

71-8) 



* Water level dooH not distinguish between these coin muni ties, as between Keedswarnp and 
Mixed Fen. In the case of the mixed fen and reedgrass associes, the ratio of inorganic to organic 
matter seems .to be the important distinguishing factor. 

(i) The reedswapips in this zone are peculiar in the absence of Scirpus 
lacustris, the presence of Typha latifolia and the abundance of herbaceous 
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species. Typha replaces PhragmUes on both sides of the stream, and is also 
abundant along the inside of the reedswamp. The chief associates of the 
two dominants are Scutellaria galericulata, Menyanthes trifoliata, Caltha 
paltistris, and Ranunculus Lingua, but most of the species in the mixed fen 
are occasionally found. Yapp (17) has shewn the importance of shelter and 
shade to such plants, and here they occur in a light intensity of less than •25. 
The peat is nearly black on the surface and contains an average of 62 -76 % 
organic content. The water level varies from -9 m. above the surface to 12"5 cm. 
below it. 

(ii) The mixed fen associes, which succeeds reedswamp in this zone, is 
characterised by its number of co-abundant species and its consequent rich- 
ness of aspect. The following plants are most typical : 


Locally dominant or sub-dominant. 
Typha latifolia 
Phalaris arundinacea 
Menyanthes trifoliata 

Abundant or locally so. 

Ranunculus Lingua 
Lotus uliginosus 
Spiraea Ulmaria 
Potentilla palustris 
Lythrum Salicaria 
Lysimachia vulgaris 
Myosotis palustris 


Iris Pseudacorus 
Carex elata 
Galixim palustre. 

Menyanthes trifoliata 
Phragmites communis 
Agrostis alba var. major 
Carex inflata 
Salix purpurea 
Salix dnerea sub-sp. aquatica 
Salix decipiens Hoffra. 


Salix purpurea and S. decipiens are particularly characteristic of regions 
of rapid sedimentation, and are accordingly distinguished on the maps. The 
associes is well developed to the West of the Black Beck and as a rather 
narrow zone to its East. While the soil is black and muddy, the abundant 
silt and less rank vegetation cause a fall in the organic content which averages 
47- 1 %. In winter the soil is submerged, but in summer the water level is 
from 10-16 cm. below the surface, about the usual level of the reedswamp 
remains. 

(iii) The reedgrass associes includes consocies of Phalaris arundinacea, 
Spiraea Ulmaria, and Calamogroslis lanceolata, of which the first occurs in the 
lowest parts nearest the lake, and the last favours the older, drier parts of 
this zone of rapid silting. Though these consocies are typically pure, the 
following associates may also occur: 


Caltha palustris If 

Galium palustre If 

J uncus effusus o 

Scutellaria galericulata o 


Urtica dioica o 

Valeriana officinalis 1 
Salix dnerea 1 

S. decipiens 1 
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The associes always occurs on grey-brown clayey silt^ having an average 
humus content of only 20 % (ash^ 76 %), and this is the most characteristic 
edaphic condition, though the water level, ranging from 10-30 cm., is gener- 
ally well below that of the mixed fen. All that has been said of the region of 
rapid sedimentation applies particularly to the habitat of this associes. 

Fringing the stream, though not strictly members of this community, 
Alnus glutinosa, var. microcarpa and Sparganiiim neglect um, are found. 

2 . Area of Moderate Sedimentation . 

(i) The reedswamps here differ from those of the area of rapid sedimen- 
tation in the absence of Typha latifolia and the sparsity of herbaceous 
associates, for Ranunculus Ling'ua is rare, and Menyanthes trifoliata is the 
only common herbaceous species. Another difference is the dominance of 
Scirpus lacustris towards the water, Phragmites communis being confined to 
the landward parts. The peaty substratum is also closer and tougher, and 
has slightly higher average organic content. 

(ii) The Carex elata consocies succeeds the reeds, and has the following 


composition : 

Carex elata d HydrocotyU vulgaris o 

C'. tiesicaria 1. sd Scutellaria galericulata f 

( 7 . injlata 1 Phalaris arundinacea 1 

Lythrum Salicaria f Phragmites communis f 

Galium palustre f Typha latifolia r 


Potentilla paluslris f Eriophorum angustifolium r 

Senecio aquaticus 1 

In position this Carex zone corresponds closely to the mixed fen, though 
differing so much from it in floristic composition. The water level is from 
5 to 10 cm. below the surface and in no case does Carex elata remain dominant 
after the water level has fallen to a depth of le5 cm. The soil is essentially the 
same as in the preceding reedswamp, and contains 55 % (average) of humus. 
The greater closeness of the soil and its rather brown colour, however, indicate 
a considerable difference in nature from the soils of the mixed fen. 

(iii) Open carr succeeds the Carex community, when Alnus glutinosa 
and Salix cinerea become sub-dominant; S, purpurea is frequent (a) near the 
lake, (6) near the zone of rapid sedimentation. The ground flora includes 
almost every species found on these fens, but lacks a clearly defined dominant, 
and merges into that of the surrounding communities. Though intermediate 
in composition and position, open carr is nevertheless extensive and quite 
distinct in appearance. 

The full list of species is as follows: 

Ranunculus repens Viola palustris f 

Caltha palustris f F. canina 

Cardamine palustris Lychnis Flos-cuculi 1 
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Stellaria palmtris 


K crispu^ 


Lotus uliginosus 

i 

R. acetosa 


Laihyrus pratensis 


Urtica dioica 


Spiraea Ulmaria 

ab 

Orchis maculata 


Potentilla palustris 

f 

Iris Pseudacorus 

i 

Poterium officinale 


Jiincus effusus 

f 

Parnassia palustris 


J. articuXatus 


Lythrum Salicaria 

1. ab 

J. sylvaticus 

1. ab 

Epilobium parvijlorum 


Eleocharis palustris 


Hydrocotyle vulgaris 

f 

Carex paniculata 

1. ab 

Angelica sylveslris 

f 

C. curta 


Galium palustris 

f 

C. data 

f 

Valeriana officinalis 

f 

C. Goodenowii var. juncella 

F. sambucifolia 

f 

C. j)anicea 


Scabiosa Succisa 

f 

C. injlata 

f 

Achillea Ptarmica 

f 

G, vesicaria 

f 

Senecio aquaticus 


Phalaris arundinacea 

1. ab 

Cmcus palustris 


Anthoxanthum odoratum 


Centaurea nigra 


Phletim pratense 


Crepis paludosa 

1 

Agrostis alba 

1. ab 

Lysimachia vulgaris 

1 

A, vulgaris 


Menyanthes trifolmta 

f 

Deschampsia caespitosa 

1. ab 

Myosotis scorpioides 


Holcus lanatus 


Solanum Dulcamara 


Phragmites communis 


Scrophularia nodosa 


Molinia caerulea 

ab 

Veronicu Scutellaria 


Lasiraea spinulosa 


Mentha arvensis 


Equisetum limosum 


M. aquatica 


^ - 


Lycojms europaeus 


Salix cinerea 

ab 

Scutellaria galericulata 


Betula tomentosa 

1 

Prunella vulgaris 


Yitburnum OpuVus 

o 

Stachys palustris 


Salix purpurea 

1. ab 

S, palustris var. canescens 

Rosa coriifolia 

o 

Oahopsis Telrahil 


Rubus Idaeus 

1 

Rumex obiusifolius 


Alnus glutinosa 

f 


The most widely distributed of the above plants is MoUnia caerulea, 
though it is not most abundant; as a rule, the variations in the trees coincide 
most closely with the changes in water and humus content; Salix purpurea 
on the drier, more inorganic soils, and Betula tomentosa where the organic 
content is very high. S. cimrea is intermediate in this respect. 

The soil samples taken from open carr will be found in the appendix 
(iSeries I, II and III). The remarkable range in the coefficient of soil hiimidity 
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(6 to 12, at least) and in tlie water level (from the surface to 15 cm. below), 
indicates that neither of these is a determining factor for this community. 
The same is probably true of the organic content, which ranges from 30-75 % , 
The nature of the soil waters is, however, probably uniforin. for all the more 
organic of the samples come from stations of low level, frequently flushed by 
relatively silt-free waters. The less organic samples come from situations 
where silting has been abundant, but is now infrequent, owing to the higher 
level of the fen. The soil in these cases accomplishes what the frequent 
flushings of the more organic situations ensure. 

The trees in open carr tend to form closed thickets and finally to develop 
into closed carr, as on the East Anglian fens (see 14, p. 23()), to which these 
communities shew the greatest similarity. 

(iv) Closed carr is very extensive on the North Fen (Fig. 9), and also 
as a thick belt round Out Dubs Tarn (Fig. 11). Salix cmerea is dominant, and 
the other trees found in open carr are rare. The trees are close together and 
the canopy dense, so that the light seems dim. Combined with the sparsity 
of the ground flora, the uniform brown mud along with the grey willow stems 
gives an impression of intense monotony. The list of species is as follows: 


Trees : 




Salix cinerea 

d 

Rha mn us f ra ng ala. 

1 

S, auriM 

r 

Betula tornentosa 

j 

S. purpurea 

r 

Myrica (tale 

() 

A Inus rohmdi folia 

1 



Herbs: 




C allha pal list r is 

1 

Scutellaria galerumlata 

o 

Ranunculus Flammvla 

] 

Iris Pseudaeorus 

1 

Spiraea III inaria 

1. ab 

Carex vesicaria 

f 

Poientilln palustris 

o 

C. elata 

1. ill) 

Lylhru m Sa, licaria 

f 

Agrostis alba var. major (Caud.) 1 

Gali u ))i pal u sire 

o 

Phragniites com munis 

]. ab 

Valeriana sanihucifolia 

o 

Molinia caerulea var. virid 

i flora], ab 

Mentha arvensis 

1 



Mosses and liverworts are < 

characteristic, though the species are 

few : 

A mhlystegium serpens 

1. ab 

Fissidens taxif olms 

r 

Mnimn punctatuni 

f 

Hypnum Patientiac 

o 

Plagiotheciiun dentundatunt f 

Lo'phocolea b ide/nta, t a 

f 

Pterygophylhmt lucens 

o 

Plagioihila asplenoules 

1 


Most of these species follow the outer edges of the wood. The Carice^', 
Phragimles and Iris are nearly always non-flowering. (J. elata is characteristic 
of tlie damper places nearer the open water, Molinia of those areas furthest 
away, while the local communities of Phragniiies tend to occur in slight 
depressions. 
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The soil though shewing the same two types on analysis as open carr, is 
always clayey in texture and brown in colour (see Appendix, Series IV and V). 



Fio. 11. Fen oommunities round Out Dubs Tam, South of Eethwaite Water. 


The organic content is higher, ranging from 40 to 75 %, and the variability 
less striking. The water level is rather more (6 to 20 cm.), but the drainage 
is very bad, and it is very common to find soil and water levels coinciding. 
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after light rains, although the soil surface is higher. The close soil and the 
complete shelter probably account for this. The factor which distinguishes 
open from closed carr seems probably to be the greater rate of deposition of 
silt in the former. Combined with low level, this may be unfavourable to tree 
growth. Thus on the North Fen and near stream X at Out Dubs, silting 
has been heavy but is now almost arrested, where open carr is developed. 
But round most of Out Dubs Tarn, silt comes only from the lake waters — 
already filtered in Esthwaite and again by the extensive reedswamp- -and 
so silting has been, and is, slight. Here closed mrr immediately succeeds 
Carex elata. Rapid silting in open carr has probably a physical effect — the 
instability and rapid raising of the substratum for at Hawes Water 
(W. Lancs.) and Woodwalton E'en (Hunts.), closed carr immediately follows 
reedswamp, though in each case the chetriical result of rapid silting (quick 
decomposition of humus) is ensured by the richness of the soil waters in 
calciurh carbonate. 

It is almost certain that light intensity limits the ground flora, for where 
trees have fallen, and the light intensity rises as high as -7, there is a dense 
local vegetation of Sjnraea Ulnmrin, Carex data and Lylhrum Salicaria, all 
flowering. In old carr the light intensity averages •032 (range -01 to -05) and 
ground flora is practically absent. The usual sparse ground flora occurs 
where light intensity is *1 (range -03 to -14). To avoid reeds, all the above 
readings were taken *9 m. above the ground. 

In Gamlingay Wood (Adamson, 1 ) Spiraea Ulmaria is dominant under 
light intensities of -005 to -01, on soil with a water content of 36-43 % (of wet 
soil). The water content of the wet .soil in carr is between 80 90 %, and 
hence apparently Spiraea needs a higher light intensity on wet, ill-drained 
soils like this, than on drier ones. 

Carr at Esthwaite never .shews any seedlings or young willows and 
apparently does not regenerate it.self. 

3. Area of Slow Sedimentation. In this zone, the description of 
communities really resolves itself into an account of the habitats of two plants, 
Phragrnites communis and Molinia caerulea. While the former is, as usual, 
characteristic of the reedswamp, it also extends some 45-50 m inland as a 
subdominant, after which it dies down and is totally replaced by Molinia. 
The reedswamp here is very similar to that of the area of moderate sedimen- 
tation, but the peat is still closer and less decayed, and has a higher average 
organic content of 59-1 % (see Appendix, Series VI). As the Phragrnites 
becomes less abundant, Potentilla palustns becomes abundant or sub- 
dominant, and Carex injlata and Lysimnehia Numrnularta are frequent. The 
light intensity is here about -2 to -3 and the soil peaty and muddy. 

The Molinia consocies only gradually ousts Phragrnites — owing to the 
very gradual raising of the soil level. The transition zone is some 25 m. 
wide, Molinia apparently becoming co-dominant as the light intensity 

Joum. of Ecology VI • 5 
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exceeds •4, and replacing Phragmites completely as the water level gets 
further below the surface. Thus while Phragmites tends to be more abundant 
where the water level is about 2*5 cm. below the surface, Molinia tends to be 
dominant where the water is at a depth of 10 cm. 

Besides succeeding reedswamp in this way, the Molinia consocies also 
develops in succession to carr. It is then further from the open water, i.e. 
from silt (see maps), and in places shews stumps of dead trees, e.g. south of 
Out Dubs. The peat below such Molinia always contains a wood layer in 
which Betula is frequent at the top, and the less preserved remains of Salix 
usually abundant below, in clayey peat corresponding to that of carr. 

Thus there are two types of Molinia consocies, developed respectively 
from reedswamp and carr. These two types are floristicially the same, and 
probably similar in habitat. The following species occur in this consocies; 


Potentilla erecta 1 

Pyrus adicuparia 

0 

Galium saxatile f 

Myrica Gale 

1. sd 

Scahiosa Succim 1 

Salix cinerea 

0 

Lastraea aristata r 

Betula tomentosa 

1. ab 

Molinia caerulea d 

Sphagnum aciitifolium (agg.) 

1 


Of these species P. aucuparia and Betula tomentosa are confined to drier, 
usually drained places, and Salix cinerea to the damp edges near the pre- 
ceding communities. 

The summer water level is near the surface (7-15 cm.), where the con.socie8 
develops from reedswamp. but falls from this to ,37 cm. w'here carr is the 
preceding community. As might be expected, the soils fall into two w'ell- 
marked classes (see Appendix, Series VII and VIII): 

1. Developed from reedswamp. Humus content (mean), 68%; Ash, 
23 % ; Coefficient of humidity, 9-15. 

2. Developed from carr. Humus content (mean), 84-8%; Ash, 6-1 %; 
Coefficient of humidity, 6 9. 

Thus this consocies apparently develops (cf. carr) under two sets of 
edaphic conditions. The lower habitat has a greater ash content consequent 
upon its frequent flushings, but is wet and ill-aerated. The higher habitat 
has a very low ash content, is only occasionally flushed, but is drier and 
much better aerated. The soil waters are, therefore, probably similar, and 
humus content and water content have probably, in this instance, a certain 
edaphic equivalence. 

In comparison with the other fen habitats, these soils are remarkable for 
their high organic content, due to the paucity of silt. Flood waters on these 
soils are chiefly composed of water “banked up” from stations nearer the 
lake, and from which most of the bases are already adsorbed. Moreover, 
the water level has been shewn to fluctuate rather in accordance with rainfall, 
than with variations in stream or lake levels. Four factors then, exist which 
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tend to prevent the decay of humus, and conversely, favour the development 
of soil “acidity”: (1) paucity or absence of silt, (2) waters atmospheric or 
denuded of bases, (3) high humus content, (4) acid lake waters. 

It seems, therefore, doubtful if we can rank the Molinia consocies as a 
fen community, since the characteristic of fens, mrr, is not developed on it, 
and it has all the concomitants of soil “acidity.” Nevertheless, owing to its 
relation to the fen type of vegetation, and to the fact that it may be fre- 
quently, and is, apparently, always occasionally flushed, it is difficult to 
consider this consocies as belonging to the moor types of vegetation. 
1 therefore propose to distinguish such intermediate communities as bogs, 
differing from rmrsh by their development from aquatic vegetation, and 
from fen by their soil “ acidity ” and the absence of carr. From moor, they 
differ in not being entirely dependent on atmospheric precipitation. 

The fact that the Molinta consocies needs greater humus and water 
contents in the soil, than do other fen communities, is illustrated by the soil 
samples in Series 1 (see Appendix). Of the four stations where Molinki is 
dominant or nearly so, 64 and 71 have very high water content, 65 has a 
high humus content, and in 69 both water and humus are above the average. 
These samples were taken along the line AB at Out Dubs Tarn. The 
samples in Series II were taken along the line AG, and illustrate the same 
point more fully. They fall into the following groups (in brackets in App.) : 

1. Salix j)ar])urea sd. No Molinia. Average Soil Humidity, 4-6; 
Average Humus Content, 35*2 %. 

2. S. 'purpurea f. or ab., Molinia f. or ab. : Average Soil Humidity, 6*06; 
Average Humus Content, 42*0 %. 

3. No S. purpurea, Molinia sd.: Average Soil Humidity, 7*6; Average 
Humus Content, 43*6 %. 

It is also interesting to notice the high soil humidity of the Molinia 
habitat, which is farthest from open water. 

The Molinia consocies includes other caespitose plants, where it passes 
into closed or open carr, and in such places Deschampsia caespitosa, Carex 
paniculata and J uncus sylvaticus may occur abundantly. In habitat and 
composition such a socies bears considerable resemblance to the ''stooled 
meadow” type of grassland described by Smith and Crampton ( 13 ), and 
considered by them to be an adaptation to gentle flooding and silting, in 
positions where scouring by water currents is prevented. 

Where the peat of the Molinia consocies is drained, Betula iomentosa> 
becomes frequent, and west of Out Dubs Tarn this has developed into a 
Birch- wood, though such woods do not apparently occur normally. The 
wood at Out Dubs is shewn on the 1888 6 in. O.S., but is now much more 
extensive, and it includes the following species : 

Betula tomentosa d Rharnnus frangula 1 

Pyrus aucuparia o ^Myrica Gale o 


5—2 
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^ Viola palustris 

1 

C. echinata 

0 

Oalium saxatile 

ab 

Molinia caerulea 

1. ab 

*(7. palmtre 

0 

*M. viridijlora 

f 

Oxalis acetosella 

o 

Anthoxanthum odoratum f 

Potentilla erecta 

f 

*Agrostis alba 

1 

R^ibus fissus 

ab 

A. tenuis 

f 

R. Idaeus 

1 

Holcm mollis 

o 

Scabiosa Succisa 

I. ab 

Athyrium Filix-foemina 

0 

*Hydrocotyle vulgaris 

1 

Lastraea aristata 

0 

^Cnicus palustris 

1 

Pteris aquilina 

o 

Digitalis purpurea 

f 

Mnium hornum, 

f 

Rumex acetosa 

f 

Polytrichum commune 

f 

R. acetosella 

1. ab 

^Sphagnum sp. 

1 

uncus efifmuiS 

1 

Lophocolea hidentata 

f 

Luzula multijlora 

o 

Plagiothecium sp. 

1 

Carex panicea 

0 




Of these species, those asterisked occur in damper places, either toward 
the parr, or where the peat has sunk, the water level being then at a depth 
of 5-26 cm. In all the inliermediate stations in the wood, Galium saxatile is 
the only abundant plan|^ght intensity to -S. Towards the drier margins 
of the wood, Rubus fissus is dominant, with a light intensity exceeding *15. 
If the light intensity exceeds *4, Molinia becomes dominant, and towards the 
lowest range of light intensity. *02, there is little vegetation except mosses. 

The whole wood is developed on deep peat, with the water level typically 
from 40 to 62 cm. below the surface. Under the wettest flood conditions, 
this level rarely rises to within 26 cm. of the surface. The peat is almost black, 
and quite amorphous, and its composition at greater depths indicates that 
it represents a phase of Molinia long continued. The peat composition is 
well represented by the Series VIII, except that the soil humidity is between 
6 and 6. 


VI. The Relation op Esthwaite Fens to Mooe 

The abundance of lowland moors of estuarine and lacustrine origin in 
the neighbourhood of Esthwaite Lake (see map of district. Fig 1, Journ. of 
Ecol., 6, p. 181), suggests the possibility that the Esthwaite fens may pass 
into moors of this type. The acid soil waters, high rainfall and the presence 
of some moor plimts (e.g. Sphagnum) shew that some of the necessary con- 
ditions are present at Esthwaite. At Rusland, some six miles (9*6 km.) 
slightly West of South (see Fig. 1), there is an extensive lacustrine moor, 
lying on the same strata as Esthwaite and with almost identical drainage 
water, viz. TotaUresidue, '07 grams per litre; Mineral residue, *062 grams 
per litre; compared with *072 and •041 for Esthwaite. The Rusland Pool 
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also brings down much similar sediment in flood, and its water, are acid in 
roftction. 

The vegetation ol Rusland Moss (see Fig. 12) is essentially similar to that 



Fig. 12. Map of the plant communities round Rusland Moss. 
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described by Rankin^, but the moss is much cut, locally planted with Pimcs 
sylvestris, and traversed by small drainage streams. Fringing these streams 
and also the Pool, are communities of a strikingly different type — in part 
vestigial, and in part restored by the influence of the fresh waters on the peat, 
lowered by cutting. Thus, between the Pool and the Pinu$ plantation, a 
community of the following composition is developed : 

Molinia caerulea d Scabiosa Smcisa f 

Myrica Gale 1. ab Poientilla erecia f 

Betula tmnentosa^ If Sphagnum ac'iitifolium f 

Salix cinerea o Cirsium palusfre o 

and nearer the water the following also appear: 

Angelica sylvestris f Valeriana sambucifolia f 

J uncus sylvaficus f Rhanmus franguhi o 

Lythrum, Saliearia o 

There seems no reason to doubt that this community is the Molinia 
consocies already described, for it* corresponds in water level and soil type 
most exactly. Owning to the Pine plantation behind it, no clue can be gathered 
as to how it passes into moor. The adjacent meadow s, on drained peat, are 
also dominated by Molinia, but are floristically modified through being cut 
for hay. 

In many places, where the peat level has been reduced almost to the 
water level, Salix cinerea is dominant in clumps, with open patches between 
them. These exactly resemble in appearance, floristic and edaphic characters, 
the open and closed carr at Esthwaite. Silt is deposited in small quantities 
by floods. It is thus clear that both similar climatic and edaphic conditions, 
and similar plant communities, indicate that this moor has developed from 
fens of the Esthwaite type, and this conclusion is further borne out by an 
^.xamination of the peat layers. 

Underneath the surface Sphagnum peat, at varying depths, between 1*5 
and ,3 m., there is a layer of dark brown peat, with an ash content of 2’6-3*l % . 
It contains twigs of Calluna, SpJuignum remsimB in pockets, Betula wood 
rather locall)^, and flattened fibrous tufts of a grass-like plant, in large 
quantities. It probably represents a long phase with Molinia dominant, for 
the ash content is too high for Sphagnum peat and the peat resembles that 
from an old Molinietum at Esthwaite — ash content 3-5 to 4*5 % — ^containing 
grass tufts of the same sort. This layer overlies (cf. Esthwaite) a wood layer 
of about 20-30 cm. in thickness, chiefly composed of Betula, with hardly 
recognisable, abundant remains of Salix and Alder below. The wood, often 
upright and rooted, has occasionally been cut. This layer seems to correspond 
with carr remains. Clayey peat, often humus stained to 3*1 m., is found 
immediately below% containing Phragmites, Typha, Equisetum limosum, Carex 
^ In Types of British Vegetation (pp. 247 to 269). 
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spp., and skeleton leaves, apparently of a Salix. The basement clay is identical 
with that of Esthwaite. 

Thus we may conclude that this moor has passed through essentially the 
same succession as is now exemplified at Esthwaite. Why then are not the 
Esthwaite communities passing into moor? The answer is because the 
Esthwaite basin is long and narrow. Rusland lake was broad and shallow, 
and the prevalent winds drifted the stream waters to the east (see Fig. 12), 
so that there was a very extensive area of slight sedimeritation to the west, 
possessing all the characters of the similar area on North Fen. The centre of 
this area had all the conditions necessary for moor formation— absence of 
silt, dependence on aerial waters, deficient drainage, high huriius content and 
heavy rainfall. As the peat got above flood level,- the Molinia consocies 
would gradually pass into moor communities, as indicated by the Sphagnum 
and Calluna remains in the peat. 

1 believe that the preceding descriptions exemplify what has long been 
known from peat remains, that lowland moors represent the final stages of 
one long succession of plant communities, starting in bare stones or mud, 
and passing through aquatic and fen stages, before becoming stable. I have 
already j)roposed that all this be termed the tnoor formation, and in this I 
adopt Clements’ definition of the formation as deVimited by cYimabe (Ji), 
and apply his nomenclature to the constituent communities. That moor can 
be regarded as a climatic formation, is proved by it:: permanence in the 
western parts of the British Isles. Both present observations and the ]>(‘at 
evidence shew that the hydrarch succession does not, as in the TI.S.A., pass 
into forest. The present types of wood which may occur on lowland moors iii 
the Lake District are three in number: 

1. Sub-spontaneous or planted woods of Pinus sglvestris are frecjuent, 
but only where the peat has been cut or drained. These processes produce a 
rather loose surface of open peat, which facilitates the oxidation of the 
humus present, and the peat becomes dry, amorphous, and relatively well 
aerated — all conditions lacking in normal moor peat. 

2. Betula scrubs or woods are frequent round the margins of lowland 
moors, but in all cases I have observed are due to drainage, when the same 
conditions follow as above, though less completely. 

3. Alder {Alnus) or Salix woods occur as marginal zones or when the peat 
is cut so low as to allow .flushing by stream waters. In neither case can moor 
conditions be said to hold. 

Hence lowland moors do not naturally produce woodland under present 
climatic conditions. Since furHier, moor peat shews only local wood layers 
corresponding to the types of wood already described (cf. also Types, 14, 
p. 253), we are fully justified in adopting moor as the formational name for 
this biotic succession. 
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Summary of Esthwaite Fen Successions. 


Hale of Sedimentation. 


Rapid 

1. Typha Idtifolia 

oonsocitis 50 

2. Phragmites 

consocies 

3. Mixed Fon 

associes 47 


4. Roedgrasfi 
assooies 20 


5. 


Moderate Slow None 

^cirptis lucustris consocies 
55 

PhragrnUes consocies Phragmites consocies 

60 

Carex elaia con8oci(?s 55 


Open Carr 


S. purpurea 
Soils inor- 
ganic 38. 
Silting 
occasional 


S. cinerea 
Soils often 
flushed 
by silt- 
free water 
65 


Closed Carr 


Soils as Soils as 

above 45 above 70 


Transitional 

communities 


70 

Molinia caeruUa con- 
socies 85 


'Betula wood, if 
drained, 85 
Moor, normally 
. + 90 


Series 7 


Number 

of 

Sample 


/ 


Open J 
Carr \ 




60 

61 

62 


63 


64) 

65) 

66 ^ 

67 

68 ^ 

69 

70 j 

71 


Series II 


{ 


Open / 
Carr S 


Appendix : Soil Samples. 



Water 

Coefficient of 

Humus 

Ash 

Community Content 

Soil Humidity 

Content 

Content 

Salix purjmrea. sd., 

Ruhus IdapMs^ 

J uncus sylvaticus 

(279 

209 

202 

M68-6 

7*5 

6*9 

6*4 

6*0 

37*3 

30 

31*7 

28 

53*5 

60*5 

59*1 

63*0 

Molinia sd., 

(415*4 

9 2 

44*8 

46*8 

J. mj ha ficus ab. i 

(352 

60 

58*7 

33*4 

Salix purpurea, lab., 

r313 

6*7 

46*7 

43*5 

S. cinerea. lab.. 

282 

6-6 

42*8 

48*5 

Ruhus fissuSf 

274 

6*4 

43*0. 

48*5 

Molinia^ 

372 

7*1 

623 

37*7 

J. sylvaticus 

[216 

6*5 

33*3 

58*0 

Molinia d. 

265 

8*1 

32*5 

59*0 


8. purpurea d., 

fl43 

4 

35*7 

56 

J. sylvaticus. 

128*2 

4*27 

30 

64*2 

Phalaris, Spiraea 

1 221*4 

5*5 

40 

50*9 

S. purpurea ab., i 

[215 

6*16 

34*9 

57*4 

Angelica sylvestris. 

323 

. 6*1 

53 

37*6 

Spiraea^ J 

247*1 

5*9 

41*8 

48*6 

J, sylvaticus. 

284*3 

6*26 

46*3 

44*7 

Molinia ^ 

1203*1 

5*9 

34*6 

56 

Molinia sd., Carex i 

[135*6 

7*4 

18*2* 

77 

paniculata, Des- 1 

1 268*0 

6*7 

40 

60*5 

champsia caespitosa, 1 

1 410*6 

8*2 

45*2 

40*6 

Salix cinerea 1 

[368*0 

8*0 

45*7 

43*6 


* Many small stones present. 
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/ 

Salix cinerea ab.. 


73 

Molinia ab. to sd., 


74] 

North Fen. 


1 26 

Same, Out Dubs 


1 521 

531 
841 
85 J 

S. cinerea ab., 
no marked domina- 

( 

j 

ant in ground flora 

1 


Series III 

Number 

of 

Sample 


Open 

Carr 


Series I V 

42 [ 
431 
44 ^ 

Series V 

m\ 

87 

51 

54 

82 

83 

Series VI 


Heedswamp. 
Area of rapid 
silting 

Silting 

moderate 


Silting rela- 
tively slow 


Series VII 


Community 


Water Coellicient of Humus Ash 

Content SoillT\iinidity Content Content 

825 11 75 11 3 

800 11-9 67 24-3 

720 10-3 70 19 1 

528 7-2 72-9 18-2 

676-6 12-4 54-5 40 

523 16 32-6 67 

Saturated 34-0 60- 1 

„ 43 0 51-2 


Closed Carr at Out 
Dubs (No. 42 near 
reeds) 


Closed Carr at North 
Fen (Nos- 82 and 83 
in West of carr) 


Number of 
sample 

(? 

I 95 
196 
(88 
•{ 89 
I 90 

i«J4 


Water 

Content 


(375-1 

7-8' 

47-9 

36 

! 490-7 

10-7 

45-6 

46-3 

j 366-1 

8-5 

42-9 

45-4 

1378-8 

8-5 

43-3 

52-3 

858 

11-0 

78 

11-3 

800 

11-9 

(>7 

24-2 

1092 

15-6 

70 

22 

876-5 

14-3 

()2 

28-5 

580-8 

12-1 

48 

42*7 

516-0 

11-8 

43-9 

38-8 

Coottioient of 

J 1 umus 

Ash 

Soil Humidity 

Content 

Content 


55-9 

47-8 

52- 8 
54-5 

53- 7 

56 

57 
57-3 
580 
60-1 
6M 



'75 

593 

8-9 

66-9 


76 

609 

9-6 

63-8 


77 

700 

10-5 

66-2 

lolinia 

78 

900 

13-5 

66-2 

consocios 1 

79 

1063 

150 

70-4 

succeeding 

80 

770 

12-0 

64-2 

r(M;dswamp 

47 

991 

13-0 

76 

48 

668-2 

11-8 

56-3 


49 

964-5 

13-5 

71 


l50 

893 

11-2 

79-6 

s VIll 


4 

518 

6 

85-4 

lolinia 

5 

777 

8-9 

86-8 

consocies J 

6 

489 

5-8 

83-6 

succeeding 1 

20 

541 

6-4 

84 

carr 

21 

614 

7-4 

82-5 


l22 

628 

7-3 

86-4 


34-2 
42-9 
38 5 

38*2 

34- 2 

35- 8 

34- 7 

35- 0 
32-0 
32-6 


25-1 

29 

23-8 

23-9 

191 

27-8 

131 

37-3 

18-4 

12-3 


0-0 

5- 1 

6- 5 

7- 3 
7-76 
4-5 
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ON THE CLASSJFKJATION OF AQUATIO PLANT 

(COMMUNITIES 

By W. H. PEARSALL 

It is probably generally recognised that the classification of aquatic, 
and to a less degree of marsh, plant communities, is at present in a most 
confused condition, due partly to our ignorance of the factors controlliixg 
them, and partly to the variability and number of the conditions whicli affect 
aquatic vegetation. Many of the latter are. indeed, still under debate, and 
until they have been decided, any classification must remain, in parts at 
least, provisional. 

TyI'KS of CLAS.SIFiaATION 

At present, three chief methods of classification have been jnit forward. 

(а) Warming ( 24 , p. 180) cla.ssifies aquatic plants in accordance with their 
growth form. He di.stinguishe.s, among others, such vegetative types as the 
Elodioid (e.g., Elodea mrnidenma, Polamogeton piisillm), the Rosette (e.g., 
Isoetes lacustris, LitoreUa lacm/ris), and the Nymphaea (e.g., (Umlalio alha, 
Nymphaea lutea) types. The recognition this chnssification gives to the 
importance of life, form is of great value, but at the same time it fails to take 
into account the wide range of habitats in which different members of the 
same growth form may be found. 

(б) In Types of British Veyetalion ( 21 , j). 188) envpha.sis is laid on the 
importance of the habitat factor — to the partial exclusion of the life form — as 
a basis of classification. The sub-formation of waters relatively poor in mineral 
salts is provisionally distinguished from tliat of waters relatively rich in 
mineral salts. It is by no means certain, however, that variation in the 
amount of dissolved salts is the chief factor controlling aquatic vegetation. 
This point may be -left for further discussion. 

(c) Lastly,in the account of theNorfolk Broads contributed by Miss Marietta 
Pallis to the same work ( 12 , p. 214), where the relation between successive 
plant communities is described — the method of regarding aquatic and fen com - 
munities as part of one succession has been applied to British vegetation. 
A similar method has been adopted by Matthews ( 9 ) for the vegetation of 
a small Scottish loch, which affords good examples of biotic succession. In 
both these cases the developmental point of view is emphasised as a basis of 
classification, and the successional nature of floating-leaved, reedswamp, and 
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fen communities is clearly recognised. An examination of the vegetation of 
the English Lakes^ confirms the validity of this view, and also shews that 
the submerged communities occur in definite successions, controlled chiefly by 
the rate at which inorganic silt is deposited. The fen and marsh communities 
round these lakes succeed the aquatic vegetation, and depend in a similar 
manner upon the rate of sedimentation. As the peat underlying these com- 
munities is raised above the flood level, silting ceases, and “acid” peat is 
developed, dominated by moor vegetation. Thus, starting from bare stones 
and finishing in moor, U'e have typicallg one long succession, in the varied 
development of which, the rale of sedimentation is the principal factor. 

The abundance of moors of lacustrine and estuarine origin in and around 
the English Lake District, shows that this succession is here the rule rather 
than the exception. In the case of the larger lakes, however, a more primitive 
condition is retained on account of their size and depth. While the absence 
of similar lakes in other parts of England makes it less easy to apply this 
generalisation to allBritish lake vegetation, yet the Cheshire meres, the Somerset 
region (Moss, lO), the Norfolk Pens and Broads (2 1 ), seem all to fall in with 
such a general classification. The Scottish lakes certainly agree with it. 
The Welsh lakes have not yet been investigated ecologically. The most 
notable difference in the Fens is, that local conditions (low rainfall and rich 
soil waters) extend the importance of the carr stage, while cultivation, drainage 
and especially climate limit the development of moor. In this case, also, cal- 
careous waters are, in a certain degree, equivalent in effect to abundant silt. 

Since there is one master factor running throughout the development of 
the above succession, any attempt to divide it must clearly be of an arbitrary 
nature. Though Moss (11, p. 37) makes such an attempt, he recognises the 
difficulty of deciding at what point a habitat division should be made. A dis- 
tinction is usually draAvn ( 9 , 11 , 12 ) between aquatic and /en formations — 
reed-swamps being included in the former. From actual observation, I have 
concluded that no such line of demarcation is possible. Not only does reed- 
swamp dominate large areas of land (e.g., Woodwalton Fen in Huntingdon- 
shire), but the type of reedswamp bears a definite relation to the type of fen 
or marsh succeeding it, both in habitat and floristic (e.g., Esthwaite). The 
reedswamp must, in short, be regarded both as the climax aquatic community, 
and as tJte pioneer fen community. 

In the parallel case of the transition of fen to moor, the Molinia caerulea 
community occupies an exactly similar position. While the life form of the 
dominant plant is apparently adapted to a fen condition — gentle silting — 
( 10 ). the subordinate members of the community are heathy, and the 
occurrence of Molinici “grass moors,” with similar floristic composition, 
points rather to the inclusion of this community in the moor stage of the 

* For a detailed account of oUe of these lakes, the reader is referred to the writer’s paper on 
Esthwaito Water in this JpuBNAL, ft, p. 180 and 6, p. 53. 
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succession* There is^ moreover^ no clear habitat factor indicating the position 
of the Molinia community. While the presence of silting (altogether lacking 
in moors), should include it among fens, its type of undecayed peat, with 
low ash content, indicates undoubtedly a close approach to the edaphic 
conditions of moor^. Here again, therefore, we cannot distinguish a clear line 
of division. 

The aquatic, fen, and moor successions should therefore be regarded as 
together forming a unit, for the following reasons: (1) There is a single biotic 
succession. (2) There is a single controlling physical factor -silt or soil waters 
rich in bases. (3) There are no outstanding habitat variations subdividing the 
succession. Though the so-called aquatic, fen, and moor formations ( 9 , 1 1 , 
12) have hence little right to be considered as separate entities, they con- 
stitute well marked phases of the unit as a wliole. 

Nomenclature 

The recent publication of Prof. Clements’ Plant Succession (1910), has 
given us a comprehensive terminology, likely to prove of considerable value 
in classifying such successional plant communities as are dealt with in this 
paper. In this volume, a complete succession is divided into two types of 
communities, the climax units and the serai or developmental units, the latter 
being distinguished by distinctive name-forms. Thus an association is con- 
sidered as the climax equivalent of the serai associes. In this way, the 
nomenclature is designed to indicate whether or not, a community is 
developmental. 

Now the aquatic, fen, and moor succession may most conveniently be 
regarded as leading up to one formation — moor- uniform with those described 
by Clements, and lending itself admirably to his nomenclature of plant 
communities. In agreement with Clements’ views, this moor formation is 
apparently primarily conditioned by climate, since it is independent of the 
strata, calcareous or siliceous, underlying it. The causes of its initiation, 
are both topographic and hiotic, and this also agrees with Clements’ con- 
ception. There is, however, one difference, due to the fact that these moors 
are essentially valley formations, and not therefore, entirely climatic. With 
this variation, I propose to adopt Clements’ conception of the formation, 
for the aquatic and fen succession leading up to moor. All the aquatic and 
fen communities thus become serai units, since they belong to tl^e develop- 
mental stages of the formation. For more detailed proof of the serai nature 
of the communities mentioned below, the reader is referred to the paper on 
Esthwaite Water ( 13 ). 

I propose now to take further examples indicating the value and appli- 
cation of Clements’ nomenclature, but altering his arrangement of aquatic 

^ All the Lake District fens — while often bearing a close floristic resemblance to those of East 
Anglia — have axid soil waters. Acidity of soil is not, therefore, a distinction between fen and moor. 
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communities. ’ In the hydrarch succession^ he distinguishes (H, p. 137) 
“ three well marked associes, namely^ stibmsrged plants, floating plants and 
swamp plants.” This classificatioji agrees essentially with that of Miss Pallis 
(Ifl), of submerged leaf, floating leaf, and open and closed reedswamp 
‘‘associations.” Miss Pallis, however, remarks on the probability that these 
are, in reality, groups of ‘"associations,” and from my observations, this 
seems actually to be the case. Taking reedswamp first, as an example we 
can contrast the community of Typha latifolia, characterised by the rapid 
deposition of inorganic silt, with the community of Carex inflata in habitats 
where inorganic silt is rjuite or nearly absent. These are serai communities 
of definite floristi(* and habitat, each having one dominant; each therefore 
ranks as a oonsocies (agreeing with Matthews, 9 ). The more typical reed- 
swamp of Phragmites eommunis and Scirpus lacustris the latter toward the 
open water — occupies an intermediate position, between these two, and, 
having two dominants, ranks as an associes, in which each of the two zones is 
a co7iso(yies. Thus the reedswamp growth form includes a series 6f consocies, 
much as a (‘limax forest formation may include a group of consociations 
(see Clements, loe. eit.). 

A further illustration may be found among floating leaved plants, where 
the growth form also includes several serai communities. We can here 
distinguish, as one example, the Castalia (Nymphaea) alba consocies of 
moderately rapid sedimentation, from the Castalia {Nymphaea) minor eon- 
socies of very slight inorganic sedimentation. 

Lastly, we find that submerged plants include several growth -forms, and 
also occur on a great variety of habitats, in characteristic communities. 
Taking the lilodioid first, my observations on the English Lakes shew that 
three main types of habitat communities exist within this life-type. These 
are classified in the following summary, and it will be also noticed that these 
habitat variations coincide with minor variations in life form. All are com,- 
iminities covering large areas, not small or scattered clumps. 

1. The linear leaved associes is characteristic of relatively rapid in- 
organic silting, and includes consocies dominated by one of the following: 
Nams flexilis, Callitriche auf ummilis, Potamogeton pusillus, or Scirpus fluitans 
(deep water form). 

2. The associes of Potmnogete of P. praelongus type is apparently typical 
of rather rapid silting, (yonsocies are dominated by P. praelongus, P. lucens, 
P. Zizii (deep water form) or P. perfoliatus, (This does not compete with 1.) 

3. The Nitella associes occurs where silting is moderate, and often 
succeeds 1 and 2, as the habitat gets more organic. It includes the following 
consocies, usually in different lakes: consocies of Nitella opaca or Nitella 
flexilis or Chara fragilis^. 

In each of these associes, there are a number of consocies which approach 

^ Warmins (24) includes Charactm in the Rosette life form ! 
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one another in ecological equivalence. It is probable that the invasional 
factor may partly determine which consocies dominates a particular water, 
for the migration of submerged water plants from lake to lake, must be 
fortuitous to some degree. If, however, two or nibre equivalent consocies 
occur in one lake they fuse, and reflect the associes in miniature. 

Secondly, the Rosette type of submerged plants is as a whole characteristic 
of silt-free localities. Nevertheless, there are distinct habitat communities 
within the growth-form, and these communities are in no way equivalent. 
We can, in illustration, distinguish: (i) The Lsoetes lacustris consocies of deep 
water and no silt, from (ii) the Lilorella- Lobelia associes of shallow, coarse, 
unstable habitats. The former passes into the Nitella associes if silt accumu- 
lates, the latter into floating leaved or reedswamp communities. 

Now in the larger lakes the slowness of silting coupled with the depth of 
the water often make it impossible for the lsoetes consocies and the Nitella 
associes to go through the normal serai development, and hence one com- 
munity is kept on for a long period without changing, the succession being 
thus fixed in a subclimax stage. In this condition the above communities 
rank respectively as the lsoetes consociation and the Nitella association. It 
would thus seem that Clements’ division of tlie water seres into submerged, 
floating, and swamp associes fails to take account of the wide liabitat varia- 
tions existing within the range of these major growth forms. Since varying 
communities included in these life forms exist under different conditions and 
are severally arranged, they are fully entitled to the higher rank I give them. 

Other communities occur, however, which lack the cfiaracters distinguish- 
ing the above associes and consocies. 

In Derwentwater, for example, the typical reedswamps are* open, with 
Phrafundtes cornnnmis, Scirjrus lacustris, and Equisetuni limosuuf almost 
equally abundant. Developed at first on a thick Lit or ella~ Lobelia carpet, they 
may also include Potauiogeton natans, P. Zizii, P. perfoliatus, (Jastalui minor, 
N ymphaea intermeM^^^ Myriophyllum spicatum and Juncus fluitans. At any 
one place from three to six species of differing life form may be equally 
abundant. Such a community is a mixture of differing stages of a succession; 
and these stages happen to be approximately equivalent under the conditions 
in which these open reedswamps are found. Probably the open reedswamps 
of the Broads (12) are of a similar nature. Such a mixed community may 
be called a rnictium, in the sense suggested by Tansley ( 22 , footnote, p. 199), 
and defined as “a transitional jnixture of successive serai dominants.” 

Ill moderately shallow waters, e.g. the Broads (12), small clumps of 
Scirpus lacustris may appear far in advance of the open or closed community 
in which this plant normally occurs. Among unrelated life-forms, and bearing 
no fixed relation to the habitat, these clumps can only be regarded as detached 
initial stages of a later serai dominant. Such small groups of one species, 
characteristic of bare areas and initial stages, Clements terms families. 
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Lilorella laciistris also foftns families on exposed, unstable gravel, long in 
advance of the Litorella- Lobelia associes. Sparganium nntans almost confines 
itself to this type of vegetative unit. It grows on bare stones, or on mud 
where other factors (e.g., very turbid water) inhibit the development of 
submerged vegetation, and then shews nothing in common with o'ther 
floating-leaved communities, except a need for shelter. 

Habitat Factors 

After these brief indications of the value and apphcation of Clements’ 
nomenclature, we may pass on to consider the habitat factors governing the 
earlier stages of water seres. This phase of the subject involves the discussion 
of two questions: (1) What constitute habitat differences among water 
plants? (2) How are aquatic plants related to these differences? , 

The provisional distinction of “waters poor in mineral salts” from those 
“rich in mineral salts” was an attempt to answer the first of these two 
questions. But though this distinction coincides with Graebner’s classification 
( 7 ) of the fundamental habitat factors, it does not appear to be truly ap- 
plicable to all aquatic vegetation. 

A water, poor in mineral salts, may yet, especially in flood, bring down 
vast quantities of sediment. While this sediment may have no effect upon 
the mineral residue of the water, it may, even if chemically inert, have an 
enormous effect upon the aquatic communities, primarily because of its 
intimate relation with the physical nature of the substratum. This condition 
is very well marked at Esthwaite, especially in contrast with larger lakes, 
and adjacent upland tarns. Still more important in this country is the fact 
that water^rich in mineral salts lie in areas geologically stable, and overlaid 
by finely divided superficial layers, easily transported by water. Such waters 
will contain, in flood, if not normally, a large proportion of suspended matter! 
In consequence, lakes, pools, and broads tend to be silted up, and as a result, 
few of these richer waters shew primitive features (e.g., irregular or coarse 
substrata). Particularly is this the case in calcareous areas. 

The distribution of waters poor in mineral salts corresponds, on the 
whole, with that of mountainous regions and hard rocks, where the majority 
of the lakes are in a comparatively primitive condition. As a result, the 
marginal slopes of such lakes are often steep, and their composition is 
normally coarse. These regions are also characterised by relatively great 
surface change, and therefore they shew many unstable habitats. Thus the 
plant communities of waters poor in mineral salts are developed under, a 
series of conditions which usually occur together in this country, but are 
not necessarily related. They may be summarised as follqws: (i) Waters poor 
in mineral salts, (ii) Waters usually rather poor in inorganic silt, (iii) Sub- 
strata either (a) coarse and primitive, (6) under erosion and unstable, or 
(c) only slightly and recently sedimented. 



W. H. Pearsall 


81 


Such substrata may support plants of widely diverse types, not necessarily 
depending primarily on the paucity of salts in the water. Prominent among 
them will be plants with a colonising role. There will be also plants of 
inorganic silts, and perhaps true silicicole plants. On the other hand, as the 
absence of inorganic bases prevents the decay of humus, we shall also find 
plants of undecayed feat, a condition akin to that of terrestrial moors. 

There is obviously, therefore, a danger of confusing plants characteristic 
of waters poor in mineral salts, with those found colonising the products of 
recent erosion, or sedimentation. In old, silted up waters the silting factor 
becomes of little importance; and since the colonising stages are quickly 
passed over, colonising plants are less typical. The paucity of species in 
many primitive lakes is certainly due primarily to the absence of sediments 
(i.e., suitable stibstrata), rather than to the paucity of their waters in mineral 
salts. 

The Litorella lacustris community is one of tlie most characteristic of the 
colonising stages, and it typically develops on barely stable gravel. West 
( 25 ) records it in Lindores and Lochmill Lochs, and also as forming bottom 
carpets in Carlingwark Loch. All these are calcareous waters. He observes 
further that it is less abundant in the calcareous Lismore area than in the 
Loch Ness region. His list of species indicates, however, an advanced state 
of sedimentation in the Lismore lakes, and therefore, few coarse substrata. 
Crampton ( 3 ) also records this plant in calcareous waters in Caithness. Thus 
the Litorella community does not appear to be conditioned primarily by 
waters poor in mineral salts. 

Sparganrum nakins is a similar colonising plant. It occurs in two cal- 
coreous waters in the Furness district- -Urswick Tarn and a pool by the 
railway near Barrow. In each case the water has a dissolved mineral residue, 
of over *2 gm. per litr*e, but has no submerged plants, their absence being 
due to the extreme turbidity of the water. The consequent lack of competition 
on abundant silt, is accompanied by the growth of this colonising plant, 
usually confined to waters poor in mineral salts. The Naias Jlexilis consocies 
of Esthwaite Water also appears to be a colonising community, but a study 
of its habitat elsewhere is needed, before we can accept this definitely. 

The chief habitat factors governing the distribution of atjuatic vegetation 
in lakes seem to be: (i) Large variations in the dissolved mineral and organic 
contents of the water, (ii) Variations in the amount and type of sediments 
deposited and the effect of these on the substratum, (iii) The physical and 
chemical nature of the primitive lake floor — if exposed. 

There is probably a certain degree of equivalence between dissolved and 
suspended matters. There are probably also calcicole and calcifuge aquatic 
plants, and we may, in addition, expect aquatic plants to shew affinities 
with regional floristic variations*^. On the other hand, just as there are 

1 Cf. Magnin (8). 
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terrestrial plant communities of organic and inorganic soils, there are also 
aquatic communities .of these habitat types. In the same manner as we can 
distinguish terrestrial organic soils according as their rate of decay .is rapid 
(e.g. fens), or slow (e.g. moors), so we can distinguish sub-aquatic soils of 
these types, with their corresponding floristic variations. 

The future classification of aquatic plant communities may perhaps pro- 
ceed, therefore, on lines closdy analogous to those of terrestrial communities, 
and the conditions indicated above should control the starting points. In 
view of the great number of variations possible in these conditions, emphasis 
laid on the successional nature of the communities would seem to give the 
only unified method of treatment possible. Especially would unity be achieved 
if the final development of moor from water seres were found to be general 
throughout the British Isles, which I believe to be probable. 

We will now turn to the second question raised in this section, viz. how 
are aquatic plants related to the substratum? Three prevalent views bearing 
directly on this point must be considered. It is stated by some authors that 
aquatic plants have roots which lack root-hairs, and whose only function is 
fixative. Others declare these plants to be normal in this respect. Brown(l) 
suggests that the relation of Elodea (and probably other plants) to organic 
soils is possibly due to the local concentrations of carbon dioxide over such 
substrata. He found that free floating Elodea was apparently independent 
of the substratum, if supplied with abundance of carbon dioxide. It is 
doubtful however, how far such experiments can be related to the conditions 
of plant life in lakes. From Delebecque’s ( 6 ) experiments on the French 
^lakes where 38-40 c.c. of carbon dif>xide per litre were present, at temperatures 
ranging from 4-5° to 20-5° C., and from a few personal observations on 
English lakes, which agree remarkably with his results, it is found that the 
normal variation possible is so slight (-2 %), as to be negligible. Brown’s 
assumption is furt-her negatived by the fact of the known and continual 
movements of lake waters, even in sheltered places^; these would inevitably 
prevent such assumed local concentrations of dissolved matters. Thus we 
are driven to conclude that aquatic plants are related to their substrata 
through their roots. 

Schenk ( 18 ), Sachs ( 17 ), Vines ( 33 ), and Warming ( 34 ) consider 
that aquatic plants absorb nutrient salts throughout their entire surface, 
their roots being purely fixative, but they do not support their contention by 
experimental evidence. Pfeffer ( 1 4), after reviewing the literature in 1897, 
concluded that no decisive experiments had been made to confirm either 
view. Since then (1905), Snell ( 30 ) and Pond ( 16 ) found independently, 
that Elodea canadensw, Myriophyllum spicatum, Potamogeton ohtiisifolius, 
P. perfoliatus, Eanwnculus trichophyllus and Vallisneria spiralis grew more 
vigorously when rooted in the sirbstratum than when anchored over it, and 
* <iUb«rt (6), and numerous authors in Proc, Roy. Soc. Edin* 
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especially when rooted in soil not sand. Hence they concluded that the roots 
have an absorptive as well as a fixative function. 

The known differences in aquatic plant communities on different substrata^ 
agree with this conclusion. These differences are especially marked in the 
English Lakes. 

Further it seems highly probable that most a(juatic plants develop root 
hairs. I have observed these structures in the following species: Naias flexilis, 
Hydrtlla t)erlicillafa, Elode/t canadensis, Scirpus jiuiiayis, Potanioyeton pusillus 
(agg.), P. ohtusif alius, P. praelongus, P. lucens, P. perfoliatus, P. hetcrophyllus, 
P. Zizii, while Pond (16) also records them in Pofaniogelon pertinaius, 
P. paacijlorus , P. naians, P, zosierif alius , lianuncidus /richaphgllus, Fai/iviicrfi/. 
spiralis. 

This necessarily brief review of the evidence points toward the conclusion 
that aquatic plants bear a 7‘elation to the substratum not markedly dissimilar 
from that of terrestrial plants, in absorbing nutrient salts through their roots. 
If this indeed be the case, there is all the less reason for considering aquatic 
communities as a separate ecological unit, and we may furtlier conclude that 
their correlation with terrestrial communities into one succession, is as justifi- 
able in this sense, as it is from the point of view of development. 

Finally, I may point out that the system of classification adopted here 
coordinates, to a great extent, the concej>tions underlying the previous 
classifications here reviewed. While the basis of the vegetational unit is the 
development of a biotic succession, growth form and habitat become factors 
of fundamental importance in considering the distribution of individual 
component communities, and in debtnmining their status. The difficulty of 
deciding which of tliese two factors is the more important in assigning 
formational rank to types of vegetation, is thus avoided. The further difficulty 
of securing agreement as to what constitutes fundamental identity of habitat 
does not apply to the unit of vegetation here defined. Moreover, tliis unit 
is exceedingly flexible, since it allows the inclusion of the most diverse starting 
points in the successions composing it, 

I must, in conclusion, express my indebtedness to Mr A. G. Tansley, for 
his valuable suggestions on nomenclature. 

1 Pieters (15), Brown (1). 
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THE BRITISH ECOLOGICAL SOCIETY 

ANNUAL MEETIN(J 

The Eleventh General Meeting (the Fourth Annual General Meeting) was held on 
Deo. 15th, 1917, in the Botanical Theatre, University College, London, at 10.30 a m. The 
Chair was taken by Prof. F. W. Oliver. The minutes of the last Annual Meeting and 
of the l^ield Meeting at Rothamsted wert^ read and confirmed and the Hon. Secretarv 
then presented his Report for the past year. 

Hon. Secretary’s Report for 1917 

.During the past year the activities of the society have necessarily been of a somewhat 
restricted character. Two meetings, as required by our constitution, have been held, 
namely, the Annual General Meeting in London, and a Held me^'ting at Rothamsted. 
A third meeting was contemplated in connection with the British Association at Bourne- 
mouth, but was necessarily involved in the abandonment of that fixture. In this connection 
(Titicisms have been received from one or two members in which complaint is made that 
most of our meetings recently have been held in the South of England. The Hon. Secretary 
is therefore glad of this opportunity of repudiating the suggestion that the Council is 
intentionally favouring a particular section of the members. In 1916, owing to war con- 
ditions, only one Meeting, the Annual General Meeting, was held. Wo have thus had 
three meetings during the past two years of which tw o must, by our Rules, be held in London. 
The meeting at Rothamsted last summer was first suggested to the Council by one of our 
North-of-England members and had been contemplated for some time. Most of our 
members are probably aware that it is not easy at the present time to ensurcj good attend- 
ances at meetings, and London is the only centre at which a large proportion of the member- 
ship is able to be present. The high railway fares make it impossible to rt^ly on the presence 
at meetings, of members from a distance. But though the distribution of the membership 
would warrant a preponderance of meetings in the south it is the policy and intention of 
the Council that in normal times meetings should be held equally in the North as in the 
South, irrespective of the localisation of the majority of the membership. 

It was naturally anticipated that, with the many and unlooked for demands entailed 
by the war, there would be an appreciable diminution in our nuTnbers. But it is satisfactory 
to be able to announce, that only five resignations have been received during the past 
year, though in addition we havt^ to deplore the loss of two members by death, Dr S. M. 
Baker, who was only elected to the council last year, and Lieut. D. Maepherson who died 
of wounds on the llth of November. Mr Maephevson’s death adds one more to the serious 
losses which we, in ccunmon with Science generally, have sustained through the war, leaving 
gaps that cannot well be filled. On the other hand seven new members have been added 
during the past twelve months. Our total membership thus stands at 111, the same number 
as in 1916. 

There is one other matter to which, as the officer of the Society primarily responsible 
to the members, the Hon. Secretary would like to refer. Several inquiries have reached 
him regarding the Society’s Library, the use of which is enumerated amongst the members' 
privileges. It had been hoped at the outset to organise a library the nucleus for which 
would be provided by books received for review, etc. A certain number of books and 
papers have accumulated in this way but not to the extent that was anticipated. More- 
over the difficulties of housing and organising a library under present conditions and of 
rendering it available to members, are such that for the present it has been decided to 
delete this from the list of facilities which the Society affords. 
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Finally the Hon. Secretary wiahes to appeal to the members in general to be more 
prompt in the payment of their subscriptions. It is fully realised that this delay is largely 
the result of the many demands on time which make even the writing of a cheque seem 
irksome. Probably however it is not realised that this neglect involves an even greater 
sacrifice of time on the part of the Society’s officials, time which they can as ill afford as 
the private member, and entails additional expenditure at a time when the greatest economy 
is essential. 


The Hon. Treasurer in presenting the Accounts for 1916 (see p. 87), which were 
unanimously adopted, pointed out that the adverse balance had been completely wiped 
out and all liabilities met. The year 1917 promised to turn but as favourable as 1916. 
On the proposal of Mr Watt the thanks of the Society were accorded to Mr Chas. Oldham, 
who had kindly audited the accounts. 

The following alterations of the Rules, of which due notice had been circulated to 
members, were passed by a majority of more than two-thirda of those voting. 

That Rule 9 shall read : 

The Society is governed by a Council of 14 members, including the President, two Vice- 
Presidents, the Hon. Editor, the Hon. Secretary and the Hon. Treasurer of the Society. 

That Rule 11 shall read: 

The Officers of the Society are the President, two Vice-Presidents, the Hon. Editor, the 
Hon. Secretary and the Hon. Treasurer. The President and two Vice-Presidents shall be 
nominated from among existing members of the Council. The Hon. Editor and Hon. 
Secretary retii’e at tlie end of each year, but are eligible for re-election. 

That Rule 16 shall read: 

The Hon. Secretary is an Officer elected at the C4eneral Meeting and is a member of the 
Council, He acts as Secretary and is responsible for the collection of subscriptions. 

That the following rules be added: 

16 A. The Hon. Editor is ex officio a member of the Council. 

16 b. If any Council member does not attend at least one meeting of the Council 
during the year he shall retire at the end of that year, but is eligible for re-election. 

The abrogation of Rule 11 for the present Meeting was agreed to and the CounciFs 
nominees were duly elected as follows: 

President, Dr W. G. Smith; Vice-President, Prof. R. H. Yapp; Hon. Editor, Mr A. G. 
Tansley; Hon. Secretary, Dr E. J. Salisbury ; Council Members, Messrs C. A. Cheetham, 
R. Paulson, G. Morris. 

The formal business having been concluded Mr Tansley communicated ‘‘Notes on 
Succession,” in which he laid stress on the fact that by no means all the successions 
actually recorded are organic unities, as Clements postulates. In some cases a number 
of phases of succession are characterised by a progressive change in the vegetation deter- 
mined by a definite group of related ecological factors, but in others the successive phases 
are determined by incidental factors not so related. These two classes of cases must be 
clearly distinguished. To the second class the conception of the formation as an organism 
with a definite development does not apply. Prof. Oliver, Mr Wilmott, Mr Fagg, Dr 
Salisbury and Dr Rayner took part in the discussion. 

Mr R. Paulson dealt with The Ecology of Lichens as illustrated by Woodland and 
Heath around London.” The author called attention to the greater prevalence of corti- 
colons lichens in those part.s of the woods situated on clayey soils as compared with those 
where the soil was sandy. In general too the cortioolous lichen flora was much more 
abundant on the southern sides of the trunks than on the northern. No indication of height 
zones was observed. 
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Tbo Meeting then adjourned for lunch in the College Refectory after which the points 
raised by Mr Paulson were discussed. 

Prof. Oliver described a method of demonstrating accretion on sandy and muddy 
foreshores by means of a layer of coloured sand, obtained from Alum Bay, sifted on to the 
surface of the soil. Specimens were exhibited to illustrate the effectiveness of the method. 
As examples of tiie results obtained the author stated that accretion was most rapid 
under Fmm hnmicola and Pelvetia canaliculata, where a rise of 3 ins. was observed in 2 years 
5 months. In the same period a rise of 2^ ins, was found in dense Salicornia whilfet high 
saltings shewed only 0*4 in. 

Dr Salisbury next communicated an account of the British Quercus aessiliflora woods. 
The view was advanced that whilst sbaUowness of soil undoubtedly explained the domin- 
ance of this species in certain cases it failed to explain its presence in others. All the 
woods of this type however appeared to agree, except where growing on calcareous soils, 
in being associated with a low proportion of mineral salts in the soil solution as compared 
with that of Quercus rohur woods. occurrence on calcareous soils was probably to 

be explained as due in some cases to the shallow character of the soil, in others to the high 
rainfall and consequent dilution and leaching of the mineral salts from the surface layers. 
The various societies present in these woods were described and their probable relationship 
to light-intensity, water-content and acidity pointed out. 

A discussion followed in which many of those present took part. 

A paper on “Succession on the Liassic cliffs of the Glamorgan Coast’' was then read 
by the author, Miss Golding (introduced by Prof. Trow), in which the phases from grassland 
to scrub and wood wore described and also those resulting from erosion. The pioneer 
plants were found to be phanerogams and not cryptogams as might have been expected. 

By the kind hospitality of Prof. Oliver the members were subsequently entertained to 
tea in the Botanical Department. 

E. J. Salisbury, 

Hon, Sec, 
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CONSTITUTION AND RULES 

I. — Object 

1. The object of the British Ecological Society is to promote and foster the study of 
Ecology in its widest sense. 

11. — Membership and Subscription 

2. The Society consists of Members and Associates, as defined in Rules 3 to 8 below. 

3. Membership or Associateship is open in the first instance to all on payment of the 
respective Annual SubsiTiptions. 

4. The Annual Subscription for Membership is One Ouinea, pnyable in advance, 
and is due on January Ist in each year. 

5. Members have the following privileges: 

(а) Of receiving the Journal post free. 

(h) Of receiving on application any other pubIi(;ation.s of the Society fiee or at a 
reduced rate, so far as the funds of the Society may permit. 

(c) Of having the use on loan, under regulations, of [iliotogra jihs or lantern slides 
in the Society’s collection. 

(d) Of voting in thf’i (d(H;tion of Council and of Officers. 

{e) Of being eligible for election to the Council and (committees, or as Officers. 

0. The Annual Subscription for Associateship is Seven Shillings and Sixpence, payable 
in advance and due on January 1st in each yc^ar. 

7. Associates arc^ entitled to attend meetings and Excursions, to obtain through the 
Secretary such advice and assistance as the Society can afford, to have the use of the 
collection of photographs (seen c), but they have not the privileges of members indicated in 
T) a, 5 I), 5 d, 5 e. 

8. Natural History Societies may subscribe to the Society not less than One 
Guinea per annum and are thereby entitled 

(ft) to one copy of the Journal post free; 

(б) to such advice and assistance as the Society can afford; 

(r) to send two delegates to the Society’s meetings, such delegates to have the 
same privileges as Associates as regards such me(?tings. 

III. — Government 

9. The Society is governed by a Council of 14 M(‘mbers, including the President, two 
Vice-Presidents, the Hon. Editor, the Hon, Secretary and the Hon. Treasurer of the Society. 

In the first instance the Council shall he the existing Members (12 in numlier) of the 
British Vegetation Committee resident within the British Isles. 

10. Two members of (Council, other than the Gfficers, retii'c annually in rotation and 
are ineligible for re-election until the Annual Meeting of the year following that of their 
retirement. 

IV. — Officers and Duties 

11. The Officers of the Society are the President, two Vicc-Presid(‘nts, the Hon. 
Treasurer and the Hon. Editor, and the Hon. Secretary. The President and two Vice- 
Presidents shall be nominated from among existing members of the Council. The Hon. 
Editor and Hon. Secretary retire at the end of each 3 ^ear, but are eligible for re-election. 

12. The President of the Society holds office for two years, and it is his duty to deliver 
an address to the Society at the Annual Meeting next after that at which he was elected. 

13. The President is ex officio Chairman at all meetings of the Society and Council, 
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14. One Vice-President is appointed each year and holds office for two years. In the 
absence of the President it is the duty of the senior Vice-President or in his absence that of 
the junior Vice-President to take the CJhair at meetings of the Society and of the Council. 

15 The Treasurer holds office for throe years, but is eligible for re-election. 

16. The Hon. Secretary is an Officer elected at the General Meeting and is a member of 
the Council. He acts as Secretary, and is responsible for the collection of subscriptions. 

16 A. The Hon. Editor is ax a member of the Council. 

16 B. If any CouncO member fails to attend once throughout one year he shall retire 
at the end of that year, but is eligible for re-election. 

V. — Election op Council and Officers 

17. The Secretary shall circulate to all Members of the Society, one month before the 
Annual Meeting, a list of the Members of Council including Officers, indicating those who 
retire according to the rules (see 10) and adding the names of the nominees of the Council 
to fill the vacancies. 

18. Any Member may ballot at the Annual Meeting for any duly qualified Member 
in place of one of the ( 'ouncirs nominees. 

19. The (Council has the power to co-opt any Memlx^r of the Society to fill vacancies 
occurring during the year among the Council or Officers, the tenure of such Member, as a 
co-opted Member of Council, to terminate at the next Annual Meeting. 

VI. — Meetings 

20. The Annual Meeting of the Society is held in December in London. 

21 At least one other meeting is held in the year out of London. Further meetings, 
inciluding excursions, may be held at such times and places as the Council may from time 
to time determine. 

22. At the Annual Meeting, the Members of the Society present ballot for Officers and 
Council, and consider any other business brought before them by the Council, or by any 
Member, of which six weeks* notice has been given to the Secretary. 

23. Alterations of the rules may be made at the Annual Meeting alone and require 
six weeks* notice to the Secretary and a two- thirds majority of the Members voting. 

24. Members desiring to present communications at any meeting must give six weeks’ 
notice to the Secrc^tary stating the nature of the communication and the time required. 
The Secretary will include such communications as have been accepted by the Council on the 
programme of the meeting, to be circulated to all Members one month before the meeting. 

25. 1*he Chairman decides as to procedure and the order of business. It is within the 
Chairman’s discretion to admit communications or any business other than the alteration 
of rules not included in the programme. 

VII. — Journal 

26. A quarterly Journal called “The Journal of Ecology” is issued by the Society 
and is sent post free to all Members. 

27. The Subscription price of the Journal to others than Members of the Society is 
Fifteen Shillings per annum, post free. The price of single issues is Five Shillings net. 





In Memorkmi 93 

IN MEMORIAM 

Donald Macpherson 

DONAX.D Macpherson was educated at George Heriot’s 8choo], Edinburgh, and later 
matriculated at the University. Amongst other distinctions he obtained the Gold Medal 
for the best herbarium of the session, and in bringing together thisuc^olloction ho worked 
not only the Highland Arctic-alpine centres but also welbknown English areas, including 
Bristol and Southport. Descended from an old race of Spciyside farmers, Macpherson 
had a distinct leaning towards Agriculture and graduated B.Sc. in that school. He 
was awarded in 1012 the Steven Scholarship in Agriculture (£7r) for one year), and the 
following year the Vans Dunlop (£100 for three years). The same year an Agricultural 
Survey was planned by the Board of Agriculture for S(?ollaud and the Etlinburgh 
and lilast of Scotland Gollege of x^grieulture, with grants from the Development C^om- 
mission. An essential part of tlie project was a field observer wlio would live at (centres in 
the area under survey, and there eolleet informatio7i relati\ e to the Jhitural and economic 
conditions. Maepherson’s combined knowledge of held botany and agiiculture, and his 
appreciation of new problems, were jnst the qualities napiisite, utuI his selection was amply 
justified in every respect. The post was one of great re.sponsibility, because the held 
observer was literally the eyes aiul ears of th(,‘ surve^y. This v as begun on an area of sheep- 
grazing hill country, and one primary problem was the relationship between the natural 
herbage and the size and quality of Hocks. The survi'v involved the preparation of a 
series of held-maps (of which about 120 sq. miles were eomplet<‘d on six-imdi ordnance 
maps), the acquiring of infoianation as to the grazing value of the more abundant plants, 
the possibilities of increasing the bi'tter herbage and of ledueing the less valuable. 
Incidentally, areas for a chernic’al soil survey had to bf' selected, and samples collected of 
soils and soil waters. In every I'espcMd Macpherson carried out his work thoroughly, and 
his tact and courtesy were great assets in acquiring information on the economies of the 
countryside. 

Mr Macpherson was known to few mernbers of the B. E. 8. His one appt?arance south, 
during the survey period, was when he read a paper at the Manchester Meeting of the 
British Association on “Types of Upland Grazings, their economic value and improvement.'’ 
Another portion of his work forms the basis of a communication in the pi\ nt numbe!*. 

But the claims of the survey had to give plaefi to a greater call, one whieli Macpherson 
felt strongly from the beginiiiiig of the war. A period with tlu^ Edinburgh University 
O.T.C. was followed by further training in Bucks, and at Oxfoid, tlien he obtained a com- 
mission in the Scottish Horse. The winter of llUti 17 was spent in Lin(H)lnshire, mainly 
in training infantry with a success acknowledged by his C.O. Then follow enl an application 
and transfer to the H.F.A. with a view to more active service. He went to France early 
last September, and in his first action, on the Menin road, he wa.s wounded in the back. 
In hospital at Leith, it seemed as if recovery were a matter of time, but complications 
ensued and he died November 11th, aged 31 years. 

As student, assistant in teaching, and in the held, one saw most aspects of Macpherson, 
and they were ever pleasant. Best of all were the opportunities of joining him in the liekl. 
It was somewhat of a task to keep up with the long striding pace of a very tall companion, 
but it was a great opportunity to see the vegetation of a complex area resolving itself into 
a methodical scheme. No distance was too great and no hill too steep if there was need to 
complete a zone of vegetation or to hll in an unfinished boundary. A wet day was regarded 
as lost to mapping, but it was utilised in working up notes and discussing observations. 
The problems of vegetation survey were fully appreciated by Donald Macpherson, and one 
always felt that be was an assured pioneer in the future development of the primary surveys. 

W. G. S. 
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NOTICE OF PUBLICATION OF GENERAL 

BEARING 

POND SNAILS AND WATER PLANTS 

Boycott, A. B. “ The habitats of freshwater Mollusca.” Journal of Concho- 
logy, 15 , Jail 1918. 

.In his presidential address to the Conchological Socieity Dr Boycott has not only made 
a distinct contribution to animal ecology but touches on problems which arc of (jonsiderable 
intercjst to biologists generally. The address is based on observations on the aquatic snails 
in the Parish of Aldenham in Hertfordshire and mainly concerns a critical examination of 
135 ponds. These latter fall into two classes according as they exhibit a flow of water 
(running ponds) or not (closed ponds). Of the 113 examples of closed ponds 27 contained 
no snails and of these 5 are permanently muddy ponds and 14 are more or less shaded by 
trees. There appears to be a close association between the occurrence of snails and plants. 
“On the average ponds with no snails contain 1*7 sorts of the larger water plants, and 
both numbers increase together till the figure for ponds with five or more sorts of snails 
reaches 5*4 sorts of plants.” The deficiency of vegetation in the muddy ponds suggests 
that the effect of illumination upon the molluscan fauna is an indirect one. r 

The supply of oxygen appears to be an important factor; thus the River Colne yielded 
2() species of snails, the running ponds with a continuous flow an average of 7*5 species 
and the closed ponds an average of only 2*3 species. Perhaps the amount of vegetation is 
important in this connection as well as in relation to the food supply. The special dis- 
tribution of the individual species indicates that the results are thf‘ outcome of habitat 
differences rather than of i nequalitie.s of dispersion. 

The following species were only found in the rivi’r: Plaiiorhis corneusy Bithinia teiiia- 
culala^ B, leaeJm, Valvata jnscinalis, F. crisiata and Pisidium amnicMm, whilst Anodonta 
cygnea, Unio pictorurn and Limnaea auricularia occur only in the river and the two small 
lakes of the district. 

Two species are frequently encountered in the closed ponds but are absent from the 
river, viz. Planorhis nautileus and Bphaerivm Im'Aistre, The presence of these species in 
what the author aptly describes as ecological slums and their absence from favourable 
habitats affords as interesting a problem as the occun ence of Lirnnaea paluMris in habitats 
that are either very good or very inferior. Dr Boycott points out that the available data 
do not favour explanations either on the basis of competitive seclusion or the idiosyncracies 
of dispersal, and it is suggested that th(‘ importance of othenAuse unfavourable habitats 
may be the absence of some inimical biological factor. 

The temperature, muddiness, character of mud, and food supply, obtaining in closed , 
ponds are briefly considered as causes of the indifferent character of this type of habitat 
and the conclusion arrived at is that opacity of the water and the meagre supply of oxygen 
are the chief factors concerned. 

We have here only adumbrated the author’s main conclusions but the value of this 
contribution is as much an outcome of the suggestive consideration of the problems, and 
ecologists will look forward to the publication of the detailed results of which this is a 
preliminary account. E. d. 8. 

EDITORIAL NOTE -PUBLICATION OF NOTICES 
OF ECOLOGICAL PAPERS 

The Editor and Council have recently had under consideration a comprehensive scheme 
for publishing short notices of all ecological publications to which access could be obtained. 
It was widely held by members that an attempt should be made to publish an exhaustive 
review of ecological literature in addition to occasional longer critical revieiC's of individual 
works or groups of papers. During the first two or three years of the Society’s existence 
the place of such a scheme was largely filled by Dr Cavers’ admirable detailed summaries 
of papers. It was impossible to carry on this work after Dr Cavers’ retirement from the 
editorship, and the course which seemed best was to share the work of noticing papers 
among those members of the Society who had easy access to the journals publishing 
ecological matter, restricting the length of each notice to a few lines or in the case of more 
important publications to a few paragraphs. Even with such a restriction an exhaustive 
set of notices would have occupied a very considerable number of pages each year and 
would thus have encroached pretty seriously on the space available for original papers. The 
ideal thing would have been to publish the notices separately alter the style of the Physio- 
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logical Society and so to have left the Journal space intact. The (Jomnvittee on Plant 
Physiology already contribute those Physiological Society abstracts which deal with 
plants, and the scheme upon which that C.bmmittee works might well have been adopted 
with suitable modifications by the British Ecological Society, an arrangement being con- 
cluded with the Committee so as to avoid overlapping. Sucli a schonu' of separate publica- 
tion is however impossible under present conditions owing to the cost and the restrictions 
on the use of paper. The Council therefore decided at its meeting in November, 1917, 
though with some misgivings, to go ahead with the scheme, including the absti’acts in the 
Journal. Recently, however, the Editor rec;eived a letter from Dr Forrest Shreve, the 
Secretary -Treasurer of the Ecological Society of America, stating tliat the Botanical Society 
of America had decidtid upon a comprehensive scheme of publishing notices of botanical 
]:)apers which would take the place of th(‘. Bolamschcs (Juyitralhlatl, and tha t Di- H, C. Cowles 
of Chicago was undertaking the ecological side of the scheme a-nd was dett'rmined to make 
it as exhaustive as possible. Under th(‘se circumstances, and especially since the (ujnditions 
in the United States at the present time are certainly more' favoiu’able than in the Briitsh 
Isles for the inception of a work of this natur(‘, the British F(;ological Society’s scluane has 
been held up pending developments. 

THE ECOLOGICAL SOCIETY OF AMERICA 

A meeting of the Society was held at Ihttsburgh, l )(x;einber 28, 1917 to January 1, 1918. 
The programme included rnetUings for the reading of papers, joint sessions with tht^ So(;iety 
of American Foresters and with the Botanical Sociedy of America, a busijiess session “for 
discussion of matters of policy in regaid to membership and the (^stal Jishment of a journal,” 
an address by the President, Dr Ellsworth Huntington, re|)orts by the chairmen of the 
committees on Climatic Conditions, the Preservation of Natural Conditions for Ecologic^al 
Study, Succession, Economic lns<»et Ecology, Freshwater Fish and FisluTies and Soil 
Tomj)eratures, an (ecological dinner, a “smoker” to whieJi all biologists, num and wamum 
alike, wore invited by the biologists of Pittsbuigh, and a. convc'isazione. 

The papers read ranged (3V(‘r [i wide variety of topics, as was the cas(' at the iXew^ York 
meeting of the [rrevious year, reported in this Journal, 5, p. 119. W(‘ have not space to 
print all the abstracts given, but subjoin a few that appear of th(‘ greatest intert'sf . 

W. H. Bmiff. '‘The Plant Ceography of the Arbuckk* Mountains, Oklahoma.” 

In these studies the plants w(a*e grown in glass tubes and w er'(‘ under' constant conditions 
of temperature and illumination. A ])r<*par*(‘d gaseous mixture containing oxygen in (con- 
centration varying between about 0 7 per cent, and 14-4 por (ant. was (‘mployed. The 
root grow th of Prosopin velnliva, and Opwnlia versicolor^ as well as that of certain other 
species, in soil with unlike oxygen (^ontont, wurs obs(‘rv(d. Among the results th(‘ folk^wing 
may b(‘- mentiemed. The results previously obtaimM, nanu'ly, that th(‘ roots of Opnntia 
appear to i’e(|uire a better' ac'rated soil for growth than do those' of Prosopis, w i'ie verified. 
Growth of the roots of cuttings of Opnntia and of relatively long Prosopi.s roots cf'asc's 
promptly in an atmosphc'i c' containing h'ss than I per cent, oxygen, but if ther e is 1 0 juu' cent, 
morx^ oi‘ less oxygen in the air of the soil root growth continues for sev(*ral liours at a 
diminishing rate, and at length ceases. The rate of root grow th at parallt‘1 soil temp(‘ratures 
and in an atmosphere of the same oxygen content is always gn'ater in Prosopis than in 
OpuMid. The relation of the root growth of relatively young Prosojns plants to (rxygen 
appears to be inconsistent, although exactly on w^hat this is bast'd was not learned. A certain, 
but rcdativel}^ slow growdh rate occurs in tin* roots of v(Ty young Pronrpis in an atmosphere 
containing less than I per cent, oxygen. Under the sanu^ conditions the roots of CoviPea 
tridentata of the same age either exhibit no growth or very little gi'ow th. J’hns it is show n 
that the roots of young and relatively young descu-t })lant8 show- unlike lelations to oxyg('n. 

Henry O. Cowles. Retrogressive and Progressive {Successions in the Arkansas Sunk 
Lands.” 

The sunk country of the Mississippi bottom lands has for the most })art two types of 
progressive successions, both hydrarch as to origin. One, of course, is the familiar Hood 
plain succession, starting with the Sand bars and having successive belts of invading vege- 
tation, commencing with willow^s and f ollow(>d later by t he sycamore, cott onwood, and other 
flood plain pioneers. Then follow^s a long-enduring temporary climax (su lx Jim ax) ciomposed 
of bottom land oaks, hickories, haekberry, etc. The second progre^ssive hydrarc^h succession 
occurs in cut-offs, incident to changes in'the river channel. Here there develop the familiar 
cypress swamps, following the more primitive aquatic stages. These swamps also develop 
into the above named flood plain temporary climax. The (earthquake of 1811 caused an 
e:;ftensive sinking of the earth’s crust over vast areas of the Mississippi bottoms, thus 
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lastitutiiig a sudden retrogression in the vegetable development. Probably much of the 
area now covered by cypress swamps had reached the above noted temporary climax or 
even the regional climax at the time of the earthquake. Since that time it is probable that 
the vegetational course has been essentially progressive. This region presents a sharp 
contrast in the suddenness of vegetative change produced by the earthquake to the more 
common (and usually overlooked) retrogressive changes brought about by gradual sub- 
sidence or elevation. 

Lynds Jones, Oberlin College. “The Effect of Nine Years of Protection on the Breed- 
ing Birds of the Washington Coast Bird reservations.” 

The study of these reservations began in the early summer of 1907, just prior to the 
taking effect of the act which set them aside as reservations. Then the breeding habits were 
extensively studied and the numbers estimated with care, for each species. Visits were made 
in the early summer of 1915 and 1916, when further studies were made of the same colonies 
of breeding birds. These studies proved that there had been a considerable increase in the 
numbers of certain species of cormorants, and a considerable shifting of the breeding colonies 
of California murres because their former breeding ledges had been appropriated by the 
gulls. Under normal conditions the numbers of the gulls had been restricted by the periodical 
raids of the coast Indians upon them. This is now forbidden under heavy jKmalties. These 
gulls feed upon the eggs and young of the other birds, and are able to drive any of the other 
birds from their nesting places. It would appear that the rigid protection of the birds on 
this coast is resulting in readjustments of the breeding birds — to the decided detriment of 
those which are not able to defend themselves against the gulls. 

J. V. Hofman, Forest Service. “The Influence of Vegetation on Keforestation in the 
Cascade Mountain Region.” 

This paper covers briefly the influence of shrubs and annuals on reproduction, whether 
natural or artificial. The cqncjlusions are based on data gathered in connection with natural 
reproduction studies and planting and sowing experiments during the past five years. 
The effect of different degrees of shading by the native vegetation on various sites such as 
north slope, south slope, flat, etc. is shown. The general conclusions show that shading in 
this region is not an important factor except at the extreme limits of either site quality or 
density of shade. 

Qdward N. Munns, Forest Service. “Some Biological and Economic Aspects of the 
Chaparral.’’ 

This paper embraces a discussion of evidence pointing to the fact that the so-called 
“true chaparral” of Southern California is temporary in its character and that tree growth 
existed prior to the brush and will again cover the area if given a fuU chance. The evidence 
presented in support of this view is that of the fossil deposits found at La Brea; the brush 
species of the north associated with the coniferous forests are also found in the south; stubs 
and charcoal remains of tree growth are found in dense brush areas where no one can recall 
such growth; trees (species of spruce and several pines) are in scattered stands in the 
chaparral; and plantations of coniferous trees have been successfully established. Fire has 
been the agency which is responsible for the decrease in tree growth and the increase in 
the brush areas, and if the fire rotation can be increased from its present rate to one greater 
than the tree rotation, trees will again come in naturally. 

Clarence P. Korstian and Frederick S. Baker, Fbrest Service. “Precipitation 
as a Factor Limiting the Distribution of Finns ponderosa ecopnlorumJ' 

After compiling data .from a number of cooperative Weather Bureau stations within the 
range of the Rocky Mountain variety of western yellow pine {Finns ponderoaa scopul(yrnm) 
it is concluded that the amount of precipitation during the summer is a potent factor in 
limiting its distribution, especially in determining its lower limits and in hmiting its occur- 
rence in the Great Basin to small isolated areas and scattered individuals. Annual pre- 
cipitation curves for stations within the range of the variety show a decided crest occurring 
during June, July or August, while such a crest is practically lacking for Great Basin 
stations which otherwise appear comparable. 

Frederick S. Baker, Forest Service. “Native Plants as Indicators of Forest Plant- 
ing Sites.” 

The native vegetation on a given site indicates the chief factors governing the value of 
that site for forest planting based on the nature of its root systems, the transpiration al 
activity, and its place in the natural succession. However, the indicator plants react upon 
the site and must also be taken into consideration in determining its potentiality. 
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ON THE RELATIONSHIPS OF SOME ASSOCIATIONS 
OF THE SOUTHERN PENNINES 

By R. S. ADAMSON 
( With two Figures in the Text) 

Probably no series of associations has been more studied from the stand- 
point of primary survey than those of the silicious hills such as the Pennines, 
which were among the first associations to be studied in this country^. The 
object of the present communication is to bring forward a few facts which 
have hitherto been overlooked or treated as of little importance, but which 
appear to the writer to warrant modification of the schemes hitherto put 
forward. 

The associations^ to be considered are chiefly those of the upper slopes and 
summit plateaux which have generally been grouped into the two divisions of 
silicious grasslands and moorlands. 

Detailed descriptions of the topography and of the main features of the 
associations have been so admirably given by Moss and others^ that they need 
not be repeated here, and no full floristic lists will be given. 

Moorlands 

Three main moorland associations are generally distinguished on these 
hills, namely those dominated by Eriophorum vaginatum, Callunu vulgaris and 
by Vaccinium tnyrtillus respectively: the first occurs on4;he flat summits and 
plateaux on deep ill-drained peat, the Calluna moor at rather lower altitudes 
on gentle slopes and ridges, while the Vaccinium moors occur on steep rocky 
slopes or edges, on exposed summits and as a degradation stage of the Erio- 
phorum moor when the latter has been cut up by watercourses and is drying out. 

Eriophoruni {Cotton Grass) Moors'"'' {Mosses) 

The association dominated by Eriophorum vaginatum occupies all the 
broader tops above about 1000-1200 feet, occurring on deep peat which is 
always rather wet and undrained, though the statement^ that this peat is 
rarely less than 5 feet in thickness is perhaps a little exaggerated as there are 
flourishing Eriophorum moors on peat only 2-3 feet in thickness. The peat 

^ Smith and Mom, Geog, Journal ^ 21, 1903, p. 375. Smith and Rankin, Oeog, Journal, 22, 
1903, p. 149. 

® The term “Association” is used throughout as defined by Moss in New Fhyt, 9, 1910, p. 26. 

^ Moos, VegeL of Peak District, 1913, and in Types Brit Vcget 1911, also Smith and Mom, 
op, ciL, Smith and Rfinkin, op, cit 

« V, P. D, p. 184. T, B. V, p. 268. 
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however is always relatively pure and free from admixture of sand or mineral 
matter^. The roots of all the plants composing the association are wholly 
confined to the peat substratum and do not pass into the mineral soil below. 

At the base of the peat there appears nearly always a more or less marked 
pan layer, which may be quite hard and stone-like; this pan is developed at 
from 3 in. to 2 ft below the base of the peat. At the present time associations 
of Eriophorum appear to be forming or extending only under quite local con- 
ditions, as in hollows representing the sites of pools or tarns. Almost all the 
extensive Eriophoreta show signs more or less advanced of degeneration and 
decay. This process takes various forms dependent on the causative agents 
and the rapidity of their action. The commonest and most rapid method is 
by streams cutting back into the peat and producing the series of retrogressive 
associations so well described by Moss^. The first coloniser of the drained peat 
along the channel is Empetrum nigrum: the more widespread Vaccinium 
rnyrlillus follows on the drier peat. Frequently round the heads of streams the 
only sign of retrogression is a lining of Empetrum, while lower down where 
drainage is carried further Vaccinium, occupies more extended tracts. This 
process of retrogression accompanied by removal of the peat may continue 
uninterrupted till the rock soil below is exposed and the original peat associa- 
tions entirely replaced by grasslands generally dominated by Nardus stricta. 
The process however is not always continuous; occasionally secondary 
successions with recolonisation by Eriophorum may occur. Here the rhizo- 
matous E. angustifolium is generally more abundant than the tufted E. vagina- 
turn but occasionally the latter species colonises and temporarily stabilises areas 
of broken peat when the line of a channel alters. These secondary successions 
are however of very local occurrence and of no great vegetational importance. 

Other methods oi retrogression however occur besides that of stream 
cutting. Jefferies® has described the transitions to associations of Molinig 
coerulea that occur with increase of soil aeration along the line of slow flowing 
streams not actually removing peat. This process though absent from the 
immediate neighbourhood of the Peak is very frequent on the flatter moors 
further north. The same author has described a succession from cultivated 
land leading through associations of Molinia to Eriophorum. 

On the lower and more isolated hills a process of gradual drainage and 
drying of the peat seems in progress, and this occurs without actual removal 
of the substratum. The so-called transition moors^ dominated by Eriophorum, 
and Calluna together which occur usually on rather steeper slopes than those 
occupied by pure associations of Eriophorum would appear to fall into this 
category. The change of conditions here seems exactly parallel to that 
occurring in the lowland moor when the gradual raising of the surface above 

^ About two per cent. Cf. Onunp, Hep. Brit. Aas. Port»m(mth, 1911, p. 602. 

* V. P. D. pp. 188-192. T. B. V. p. 280. 

* T. A. aaOtolM, this Jotjenai., 8, 1916, p. 93. * F. P. D. p. 187. 
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the water table by the accumulation of peat allows an invasion of Calluna 
into an association previously dominated by Eriophorum alone^. Pure associa- 
tions of Calluna, on Eriophorum peat may occur at the bases of steep slopes 
rising from the Eriophorum plateau. Towards the edges of a plateau however 
the stages of increasing dryness can often be seen much more clearly. Passing 
from the pure Eriophxyrum association, the first stage is a lack of luxuriance of 
the dominant plant, an almost complete absence of E. ungustifolium and an 
admixture in increasing quantity of Scirpus caespitosm and Calluna vulgaris. 
With increasing dryness Vaccinium myrtillus and Juncus squarrosus appear, 
with some Nardus striela and Deschampsia Jtexuosa, though the last seems 
seldom more than an occasional species. In certain cases this succession 



Fici. L J)iagraiti to illustrate relationships of the “Oxodion’' or Moss Formation. Arrows 
represent sueeessions from destruction of tho Eriojjhoretuni. The dotted line represents the 
transition to Moor (Upland Heath). 

reaches the relatively stable condition of co-dominance of Nardua and Juncus 
squarrosus, with EriojJiorum existing only on the wettest parts. This associa- 
tion existing on peat formed mainly of Eriophorum remains may also be 
developed from peat denuded by stream cutting where denudation has 
temporarily ceased. Though of local occurrence in this district and best 
developed on the smaller and more isolated hills, it is of wide distribution in 
other hill districts on peats formed by various pre-existing associations^. 

Retrogression and destruction of Eriophorum associations also take place 
through the action of wind on isolated and projecting summits and on the 
crests of ridges. The wind dries the peat and causes a more or less rapid 
removal, even ultimately leaving bare rock devoid of vegetation. Thus 
occasionally on wind-swept summits vegetation is confined to small islands of 
peat held by Eriophorum angustifolhmh, which appears much more resistant 
to such conditions than E. vaginatum,. Much more commonly however the 
1 Cf. T. B. F. pp. 249-50. 

^ Cf. flmltli, this Journal, <1, 1918, p. 1. Tho Nardetum referred to appears to be the same as 
that described by Smith as occurring zonaUy to the main peat mass on the Moorfoot Hills. 

7—2 
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removal of peat is much less rapid and a series of retrogressive changes is met 
with closely paralleled by those occurring when drying is due to stream cut- 
ting — Empetrum nigrum and Vaccinium myrlillus forming associations on dried 
peat formed of Eriophorum.. Apparently many of the so-called '’^Vaccinium 
summits^” are associations retrogressive iroTxi Eriophorum, though others are 
of the nature of typical Vaccinium edges and exist on thin sandy peat formed 
from remains of the plants composing the associations*. These last arc gener- 
ally characterised by an abundance or even co-dominance of Deschampsia 
flexuosa, which is rare or absent on Eriophorum peat. 

All these various forms of “retrogression” are assisted by burning, which 
though not regularly carried out does occur at times. Not only do the streams 
tend to remove peat faster but the Eriophorum may take some time to re- 
establish itself after burning and meantime allows an immigration of Vacci- 
nium, Nardus and J uncus squarrosus. The two last penetrate into the moors 
along the lines of footpaths, which can often be traced from a distance by the 
difference in the colour of the vegetation. 

The Eriophorum moor seems at the present time to represent a legacy 
from previous conditions dating back to the withdrawal of the ice-sheet from 
our hills and, with only occasional exceptions®, is not only not forming to-day 
but is actually being destroyed, the so-called retrogressive associations being 
stages of the destruction. 

Calluna and Vaccinium Moors 

The other moors in this district, namely those dominated by Calluna and 
Vaccinium, are very closely allied to one another and differ from the foregoing 
in several features. The most essential is the nature of the peat, which is much 
thinner, rarely over 1 foot and usually only a few inches, and is always much 
mixed with sand and mineral matter*. The peat is much less coherent and 
crumbles easily when dry. Below this thin peat layer occurs a variable thick- 
ness of soil which is much darkened and discoloured by peat, a layer termed 
by Crump the “sub-peat®.” Unlike the conditions existing on the Eriophorum 
“ moor,” the roots of the species composing the association here penetrate freely 
beyond the peat proper into this sandy sub-peat and sometimes also into the 
paler sand below. The two associations are very closely allied, appearing to 
differ mainly in their topographical relationships and to be largely controlled 
by the degree of exposure to wind and the minimum water content of the soil 
that may occur in periods of drought; Vaccinium being able apparently to 
withstand much more severe conditions in relation to both factors than 
Calluna, Thus Callunetum occurs on moderate slopes and the lower plateaux, 

^ T.B. V. p. 273. 

* Cf. Bmltb and Mom, loc. cit. Smltb and Kankin, loc. cit. Cf. aection on Vaccinium moors 

I'eJo'v. » T. A. JefforlM, loc. cit. Mom, F. P. D. p. 186. 

* Tables, see Oramp, Netv^hyl. 12, 1913, pp. 138-9. » Orump, op. cit. 
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while Vaccinietum occupies edges and \^ery steep ridges, especially where 
rocky. Hence the latter is relatively much more abundant on the steeper 
western slopes of the main ridge, while on the eastern side, where the slope is 
more gradual, Calluna associations are much more prominent. Every grade 
of transition can be found between the two associations on intermediate types 
of habitat. Very steep and rocky sandstone slopes are clothed with the 
Vaccinium association, while shaly and more scree-like slopes have a mixed 
association in which Calluna and Vaccinium are co-domiiiant, if the term may 
be applied to what is really an open association on a very unstable habitat. 
In such situations both F. myrlillus and F. t^itis-idaea occur either together or 
in alternation, and locally Erica cinerea may be very abundant — sometimes 
so much so as to lend a character to the association. 

It seems probable that these two associations of Vacciriiiitn and Calluna 
respectively are related to one another succession ally, the Calluna being the 
later and apparently stable final stage. This will be further considered in 
relation to the grasslands, but some evidence can be gained from the re- 
colonisation of burned areas^. Immediately after a fire grasses become 
prominent, especially Deschampsia flexuosa, and also to a less extent Nardus 
sfricta, but these generally form a very transitory stage and are followed and 
replaced by Vaccinium myrtillus which in turn becomes mixed with F. vitis- 
idaea, Empetrum and young Calluna. For some time an apparently stable 
association occurs composed of a mixture of Calluna and Vaccinium sup., but 
gradually the shade cast by the taller Calluna. plants reduces the others to a 
quite subsidiary position. After burning has been carried out on steep slopes 
the surface peat is often largely removed by rain, etc., and the recolonisation 
succession takes a longer time. The grasses may under such conditions become 
much more important, even assuming temporary dominance, but they are 
gradually ousted and replaced by Vaccinium and this in turn by Calluna, 
though a mixed association may be apparently final here. The permanent 
associations of Vaccinium would thus seem to represent stages when the full 
succession is stopped owing to topographic or other factors. 

The two species of Vaccinium^ F. myrtillus and F. vitis-'idaea, both occur in 
these associations but have not quite the same habitat relationships; the latter, 
F. vitis-idaea, has a more limited range of conditions. It occurs very rarely 
below about 1000 ft and is absent from situations much exposed and liable to 
considerable drought. As regards peat and water content F. vitis-idaea appears 
intermediate between F. myrtillus and Calluna^ but seems better able to with- 
stand the shade of the latter, as it is often an associate, in rather small 
quantity, of the typical Calluneturn. F. vitis-idaea occurs but is much less 
abundant than F. myrtillus in the “retrogressive” stages of the Eriophorum 
associations. 

Isolated summits and the tops of edges in the Calluna moor frequently 
1 Cf. T. B. V. p. 277. F. P. D. p. 178. 
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show a change of vegetation, the Calluna being replaced by Empetrum nigrum, 
especially when the soil over the solid rock is very thin. Such Empetrum ridges 
are a characteristic feature of many of the lower hills and occur not only in 
this district but equally in other hill regions under similar conditions. 

SiLicious Grasslands 

Though exceedingly different from the moors in appearance every grade 
of transition can be traced between the two. The differences in habitat, 
also, are very slight. The peat layer in grasslands is usually much thinner, 
being rarely over 6 inches and often scarcely discernible as a definite layer. 
The sub-peat also is much less distinct, though with very rare exceptions 
a dark peat-coloured layer rich in acid humus occurs; but every gradation can 
be found from a mineral soil with dark acid humus to the condition of a surface 
peat overlying a sub- peat layer. The grasslands fall into two distinct groups, 
first, a purely lowland grassland, a permanent pasture, that owes its existence 
almost wholly to cultivation in the form of liming, manuring and continuous 
grazing, and secondly an upland series of grasslands that are quite unculti- 
vated. These two can be distinguished easily from one another even at a 
considerable distance, by the colour and type of surface : the lowland culti- 
vated grasslands are a fresh green as opposed to the dull grey or brownish 
green of the uncultivated areas. The lowland grasslands also have a smooth 
surface, while the upland pastures are typically built of small tufts or tussocks. 

Not much need be said here about the cultivated grassland associations. 
They are dominated by a variety of grasses, mostly with flat leaves; the most 
generally distributed species being Anthoxanthum odoratum, Agroslis vulgaris, 
Fesfuca ovina, F. rubra, Cynosurus crislatus, Poa pratensis and Briza media. 
The accompanying flora is poor as compared with the meadows in the plains 
•but rich as compared with the upland associations^. Apart however from these, 
permanent pastures of the hill slopes a natural grassland occurs in places 
apparently never affected by cultivation, which differs markedly from the 
upland pastures. This grassland, which is referred to by Moss as mixed silicious 
grassland*, is generally dominated by Agrostis vtdgaris, Fesiuca ovina and 
Anthoxanthum, with a small form of Poa pratensis very abundant, though in 
many cases the grasses of the peaty upland, Deschampsia flexuosa and Nardus 
stricta, are very abundant or even locally dominant. This Agrostis- Festuca 
grassland occurs on a rather different soil, as peat is not developed except 
where the upland grasses are present, and the humus in the soil is ttmch less 
markedly acid. It is an association of variable composition, and somewhat 
lengthy lists might be given of its components® : much of it undoubtedly exists 
on the site of original woodlands now destroyed. Direct evidence of this is not 
lacking in many cases, in its proximity to existing woodlands, in the frequent 

^ List, V. P. D. pp. 202-.S, though this includes quite lowland species. 

== F. P. n. p. 112. » V, P. D. pp. 112-13. 
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presence of isolated trees and bushes, chiefly Belula •puhescens and Crataegus, 
and further in the presence of a number of species characteristically shelter- 
loving which are scattered through the association, and among which may be 
mentioned Ariemone nemorosa, Vida sepium, Viola riviniana, Oxalis acetosella, 
Ajuga reptans, Holcus mollis and occasionally Sdlla nonscripta^. This type 
of grassland however is of very limited extent, while the upland grasslands 
cover exceedingly wide areas on the lower slopes of the hills. The. upland 
gra8.«land is perhaps the most extensive vegetation type in the district and 
occurs at altitudes from about 400 feet up to 1700 feet or even more, and 
equally on very steep slopes and nearly level ground. It is generally treated 
as one association with a number of facies^; but some of these at any rate 
have such marked and constant habitat and successional differences that it 
would seem more natural to regard them as distinct associations even though 
occurring within such narrow topographic limits as to prevent their repre- 
sentation on the usual scales employed for general vegetation maps. 

The upland grassland is usually considered to be dominated by Nardus 
stricta, but this is largely a generalisation from the appearance of the associa- 
tion as seen covering whole hillsides where the large tufts of this grass, especially 
in winter, are much the mo.st prominent feature. The composition of the 
grassland, however, varies considerably with variations in the habitat and 
especially with the amount of peat thg.t is present. On relatively gentle slopes 
or level ground where peat can accumulate and where surface drainage is poor 
without actual .stagnation of the soil water, Nardat> becomes truly dominant 
almost to the exclusion of all other species. In such situations peat may be 
present to a depth of as much as 6 inches. On rather steeper slopes or where 
the peat is thin and drier, dominance is shared hy Deschampsia fkxuosa, which 
fills the interstices between the tufts of Nardus and is not only frequently 
numerically far more abundant but owing to its freely branching superficial 
rhizomes has as much or even more controlling effect on the other 8pecie.s 
composing the association. Again on .steep slopes where only a thin peat is 
present which is liable to periods of great drought, or at low levels and in very 
exposed situations, Nardus is often quite absent and Deschampsia is dominant 
alone. In fact, though frequently occurring together, these two grasses in this 
district have not by any means identical habitats; Nardus flouri.shes on a more 
peaty soil with an imperfect surface drainage or other supply of continuous 
moisture, while Ileschamj)sia dominates the less peaty and drier soils. The 
distribution of the two plants is well brought out in their topographic relations 
on many of the lower grass-covered hills: the dip slope with its gentle contours 
is covered by grassland dominated by Nardus, the escarpment face by Des- 
ehampsia alone, while below the “edge,” on the more moderate slope, co- 
dominance of the two plants occurs®. 

1 Full list, V. P. 1). pp. 110-11. V. P. D. pp. 106 ct soq. T. B. V. pp. 132 -1.16. 

^ Cf. H. Jelfireyfl, this Journal, 6, 1917, p. 129. 
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Before, however, the relationships of these grasslands to the moors and the 
lowland associations are considered some of the other types of associations or 
“facies” may be mentioned very shortly. Much the most important in regard 
to area of ground covered is that dominated by or characterised by a great 
abundance of the bracken, Pleridium aquilinum. This plant occurs not only 
in the grassland but also in the associations of Calluna and Vacdnium. It is 
rarely found in quantity on exposed hillsides except at low levels ; but com- 
munities of it ascend along valleys and gorges, from the sides of which they 
spread out, reaching as much as 1700 feet. At the lower levels, below 800 feet, 
where whole hillsides may be covered by sheets of bracken^, its situation 
probably represents the site of original woodlands or a direct extension from 
such a site. But in its upper regions communities of this species occur con- 
siderably above the present forest limit and in situations which were probably 
not under woodland in historic times. The communities, again, often appear 
to be rapidly spreading and extending their area even at these higher altitudes. 
The most probable explanation is that the plant started from original wood- 
lands and has spread out, mainly by vegetative reproduction, along the more 
sheltered valleys where the general' conditions to some extent simulate those 
of a forest. From such situations the communities have spread out, where 
possible, at the expense of the pre-existing associations. This spread has been 
most rapid on the deeper sandy soils derived from the softer sandstones. On 
shallow sands and on shale soils bracken communities are much less extensive 
and often the plant fails to dominate the situation. These communities may 
have the bracken dominant and occurring quite pure, in which case they 
spread and gain ground largely by the destruction of light-demanding species, 
by shading and by the mass of dead fronds which decay somewhat slowly*. 
The rhizomes penetrate below the peat surface, and even in many cases below 
the sub-peat. The bracken spreading in this way advances into grasslands or 
moorlands® and may entirely drive out the original association: in other cases 
it only attains the condition of fronds scattered through the association. The 
spread is undoubtedly assisted considerably by the periodic burning of the 
moorlands: the rhizomes are generally unaffected, and as burning takes place 
in late winter or early spring the plant is able to spread and obtain a firm hold 
before the Calluna or Vaccinium can become re-established. Thus these 
bracken communities are regarded as definitely invasional into a distinct 
association rather than as facies of the grasslands. They take no part in the 
normal successions of w’hich the grasslands form a stage, but are derived from 
previous woodland communities, though they may have spread far from their 
original starting. point. 
yv.p.o.p. 108. fig. 16. 

• On spreading of bracken communities, of. Farrow, this Journal, S, 1916, p. 223, and 
especially s, 1917, p. 163. See also BC. j’eflkwys, this Journal, 6, 1927, p. 142. 

* In one locality the plant has been observed colonising the edges of a retrogressive Eriophorum 
moss. 
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Local developments ' of other associations occur in the grassland area in 
flushes, springs and in wet hollows. The only one of these that calls for any 
mention here is that dominated by Juncus effusus. There are really two 
distinct types of habitat where this plant is a dominant or at any rate a very 
abundant species^, namely the characteristic Juncus swamp round the heads 
of springs which is of small extent on the southern Pennines as compared with 
the hills of the more northern counties, and secondly a drier Juncus association 
referred to by Moss as the Juncus facies of the Nardus grassland. This 
association occurs along channels where water flows in wet seasons and on 
slopes flushed by intermittent springs. In either case the soil water is more or 
less well aerated and as a rule the peat layer is quite thin. The rush is rarely 
sole dominant but is associated with iVard«s stricta, Deschampsia caespitosa, and 
where the rate of flow of water is less, with Molinia caerulea. All transitions can 
be traced between a typical Juncus flush and a wet Nardus grassland, depend- 
ing mainly on the degree and constancy of the flushing. Such J uncus associa- 
tions seem quite separate from the grasslands in their dependence on regular 
flushing and the consequent partial neutralisation of the peat. In the Calluna 
moor a flush line frequently has a zonal arrangement of the two associations, 
Juncus in the wetter parts and Nardus further out. There is no evidence of 
any successional relationship without marked changes of the habitat factors. 

Relation between Grassland and Moorland 

Every grade of transition can be found between the grassland and the 
Calluna and Vaccinium associations, correlated with gradual increase in the 
amount of peat in the soil. The grasslands nearly always have Vaccinium myr- 
tillus as a constituent species, either thinly scattered or forming local societies. 
The situations occupied by these societies mark the positions where the most 
definite and largest peat deposits occur. On the less steeply sloping grasslands 
Nardus is frequently associated with Calluna and Empetrum in addition, and 
as peat gradually accumulates in larger quantities these plants tend to assume 
dominance over the grasses and gradually to drive them out altogether. This 
increase in the moor plants certainly appears to depend on grazing as one of 
its chief factors: of two adjacent and apparently identical areas a striking 
difference occurs when one is pastured by sheep and the other not, the latter 
showing a much greater development of the moor plants and with them 
usually of peat. A striking feature also is the sharp line of demarcation that 
often occurs along a w^ll which marks the limit of sheep grazing, no grasslands 
occurring above, and below nothing else. 

Just as there is a gradual transition between the grasslands and the moor- 
lands so equally every stage can be found of change from the cultivated 
permanent pasture to the natural associations on acid peaty soil. Where one 
of these pastures is left uncared for and not much grazed, the first change seen 

* Cf. V . P D . pp. 108 and 148. 
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is a very great increase in the quantity of Deschampsia flexuosa, which rapidly 
assumes dominance; the more mesophytic grasses are either suppressed or 
reduced to isolated islands of decreasing size. The Deschampsia quickly 
developes a thin peat layer and when established soon becomes associated 
with the more markedly peat-loving plants — Vacciniiim myrlillus and Nardus 
stricta, except in very dry places. When the surface drainage is poor Nardus 
gradually spreads, ultimately to the exclusion of Deschampsia. Even in 
derelict arable fields this reversion to the peaty associations can be seen. In 
deserted fields with furrow marks it is common to see the summits of the ridges 
marked by De^schampsia associated with more or less numerous tufts of 
Nardus, while the furrows, which are moister and become acid less rapidly, 
still retain the green mesophytic grasses. 

These various facts, which can be traced with more or less completeness on 
any of the hill slopes, very strongly suggest a successional relationship of the 
acid peat-forming associations. The first stage, with the thinnest and least 
definite peat layer, is the Deschampsia grassland. As peat accumulates this 
association gives place to one of Nardus stricta and this in turn to one of 
Vaccinium 7nyrtillus or Calluna vulgaris which appears to be the stable end 
stage of the series. On very steep slopes where only a thin peat layer can be 
formed which is liable to extremes of drought the succession passes directly 
from Deschampsia to Vacemium, which is the end stage here. Exactly the 
same succession can be traced in the degeneration of woodlands in the district. 
Here again the starting point — an assumption of dominance by Deschampsia 
jkxuosa on an acid substratum, is followed by the various other stages as traced 
above. Here owing to the additional factor of shade the Nardus association is 
often eliminated and that of Vaccinium myrtillus, a shade-tolerant species, is 
of much more prominence. Thus the subassociation of the Quercus sessilijlora 
wood with much acid huraus^ described by Woodhead as a “ xeropteridetum^ ” 
would not be regarded as a true association any more than the Oak Birch 
Heath* can be or the open forms of scrub but as a transition containing 
elements of two separate and distinct associations. In the case described the 
acid peat associations are invasional in the woodland. 

The present distribution of the various associations that are thus regarded 
as successionally related is largely the result of sheep pasturage and especially 
of its concentration by fencing. Smith and Crampton ® have already pointed 
out the effects of sheep on moorlands and Farrow® has proved that the 
transition from Calluna to grassland on the East Anglian Heaths is the same 
effect carried out by rabbits. 

It is most probable that the greater part of the present grassland area was 
originally covered by Calluna and Vaccinium, associations, much of which 

^ T, B, F. pp. 127 and 130. F. P. D, p. 56. ^ Journ, Linn. Soc. Bot. 1906, p. 347. 

3 T. B. V. p. 100, * Taasley, this Journal, 1, 1913, p. 270. 

® Jour. Agric. Sci. 6 , 1914, p. 14. « This Journal, 4 , 1916, p. 57, 5 , 1917, p. 1. 
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would have invaded and replaced still earlier forests. The destruction of these 
moors has been brought about by grazing and by flushing. Originally, then, 
Nardus and Desckampsia associations would have been confined to stream or 
flush channels where the accumulation of peat beyond a certain point is 
prevented^. In such situations, indeed, in the upper and uncultivated parts 
of the hills, these associations occur at present. This will also explain the 
existence of Nardus associations on peat of 4-6 inches in thickness which 
contains the remains of Calluna: fhe succession has been stopped and has 
reverted to an earlier stage under the influence of grazing and periodic 
firing. 

This whole series of associations, including both the silicious grasslands and 
the VacciniuTu and Calluna moors, seem very closely allied to the heaths of the 
lowlands and the South^ both in their habitat relationships, notably the 
development of a sandy impure peat layer through which the roots penetrate 
into the underlying soil, and also in the way in which they invade and gradually 
destroy woodlands, or neutral grasslands. In fact exactly parallel series of 
stages can be traced on these hills and on the sandy tracts of heathland in the 
South of England, though under the climatic conditions of this district the 
peat formation is much more rapid and reaches a greater thickness than in 
the lowlands, and many floristic differences occur. 

The grouping of these grassland and moor associations into two formations^ 
would seem unnatural and arbitrary: not only are the two connected by every 
gradation but all exist under habitat conditions differing only in degree and 
not in kind. Reasons have been given above why the Desckampsia and Nardus 
associations should not be regarded as associations derived from oak woods 
but as invasional in them and causing the destruction of the forest. In being 
associations arising on the destruction of the forest they can be considered as 
retrogressive from the oak wood association, but the habitat conditions liave 
meanwhile altered so much as to separate them completely. They can, in 
fact, be no more considered with the woodlands than the grass-heath or 
Calluna heath of the South can be treated with their associated oak woods. 
These last two are treated as separate^ but their differences are no greater 
than those separating the associations considered here. 

The associations of the deep peat of the summits, however, would appear 
essentially distinct both in origin and development, though the close simi- 
larity in the substratum, an acid peat in both cases, gives a considerable 
resemblance in floristic composition and in growth forms. 

It is probable that the retrogressive stages following on the destruction of 
the Eriophorum moor should be looked on as invasions of the more modern and 
vigorous succession series. This series thus invades and replaces the associa- 
tions both at its lower and upper altitudinal limits, though in the latter the 


^ Cf. Smitb and Oramptoa, loc, ciL 
* T. J5. V. chfi. V and xii. 


2 T. B. F. ch. IV. 

* T. B. F. chs. Ill and iv. 
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Fia. 2, Diagram to illustrate relationships of the Moor or Upland Heath Associations. Arrows 

represent lines of succession. 

purely physical agents have a much greater share in the destruclion of the 
existing vegetation. 

From the above it would appear that the formations suggested by Moss^, ' 
the Silicion and the Oxodion, must be somewhat modified in that the Des- 
champsia and Nardus associations are quite separate from the other associa- 
tions of the ” silicion,” and, with the Calluna and Vuccinium associations, are 
equally to be separated from the Eriophorum moor. It is striking that Moss 
himself indicates clearly the last line of separation in his table of relationships*, 
where the connections between the grasslands and the CaUuna and Vaednium 
moors are marked, but none between these and the Eriophorum moor. In place 
of two formations it seems necessary to recognise three; first that on siUcious 
soils without peat to which the term silicion might well be apphed, and of 
which the Quercus sessiliflora wood marks the chief association, secondly that 
on an acid but not stagnant or saturated surface peat with a chief association 
dominated by Calluna vulgaris, and finally that on the deep wet peat of the 
summits where the peat is generally more or less saturated and the water 


» V. P. D. pp.'216-17. 


* V. P. D. p. 217. 
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rather stagnant. This last formation is represented here in its stable phase by 
the Eriophorum moor. The second of these formations is progressive at the 
present time and frequently in visional, though itself invaded by Pteridium 
associations derived originally from woodland. The third formation is almost 
always in the condition of more or less rapid destruction and is best regarded 
as a relict from previous conditions dating back to the retreat of the ice-sheet. 
The wet flush associations belong to a fourth formation. 

Summary and Conclusion 

To summarise, the plant associations of the district fall naturally into three 
main groups, two of which have been treated of specially. First the associations 
of the summit plateaux which are on very deep wet peat, and of which the 
general dominant is Eriophorum vaginatum. This association is at present 
generally in a condition of decay and replacement by other associations. With 
few exceptions Eriophorum moors are not forming at present but represent an 
end stage of a series commencing in post-glacial times. This is the Oxodion or 
Moss Formation. 

Secondly on the hill sides and lower hills, on thin impure peat through 
which the roots penetrate, associations occur dominated by Deschampsia 
jiexuosa, Nardus stricta, Vaccinium myrtillus and Calluna vulgaris. These are 
stages in a succession, the Calluna phase being the final or chief association. 
These associations are invasional not only on woodlands and grasslands, either 
the cultivated or natural pastures of the lowlands, but also on the ground 
prepared by the drainage or destruction of the Eriophorum moor. In the 
former invasion a regular succession series is passed through. The present 
large extent of the earlier phases of the succession, the grasslands, is due to a 
large extent to sheep rearing. 

Invasional associations of Pteridium aqiiilinum occur among the foregoing, 
having spread upwards along sheltered valleys from original woodlands. 

Finally it may be mentioned that local names show that for practical 
purposes a separation on the lines suggested is very old. The term "‘moor” is 
not used for the deep peat associations of the summits, which are termed 
‘‘ mosses,” while moor ” is applied to both the Calluna and the grassland areas. 
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A FOX-COVERT STUDY 

By Rev. E. ADRIAN WOODRUFFE-PEACOCK 

PoolthOrn Covert, the history of which is fully known, is situated in the 
parish of Cadney-cum-Howsham, North Lincolnshire. It has an area of about 
ten acres, and was laid out in the year 1797, according to the Brocklesby 
Estate Office books. It lies on the eastern boundary of Cadney township, 
but in the middle of last century, at a date unknown to me, was extended 
two acres to the east, by a pure planting of Blackthorns, into the western side 
of Howsham township. On the authority of the late Mrs Hannah Abey 
(1803-1894) a native of this place, who was a lover of nature, this covert 
was planted on “rough grass common pasture, with Hassocks {Deschampsia 
caespitosa) in places. It was trenched for the purpose of draining just before,” 
i.e. the ground was never under cultivation previously in human memory. 

I. The Soil 

This covert stands on two soils of widely contrasted floral sympathies. 
Its northern face, and about one-sixth of its area, are on thin Very Chalky 
Boulder Clay, that is to say — for I have had to distinguish them clearly all 
over this county for botanical purposes— on the basement bed of the Chalky 
Boulder Clay, which in some cases is practically Chalk removed to another spot 
by ice-action. On this bed all the true Chalk species can grow, if they once get 
a footing, as Orchis jiyramidalis, Planfugo media and Ranunculus auricomus f. 
depauperata have at times done in this covert. The other five-sixths are on 
retentive Kimeridge Clay, with its characteristic local fossil Gryphaea dilatata 
Sow., abundant in the covert. The wood stands quite isolated, there is no 
other covert within a mile, on an incline, the dip being to the south ; and its 
wettest band is therefore just below the junction of the Very Chalky Boulder 
Clay, a porous siping bed, with the underlying waterproof Kimeridge Clay. 

II. The Planting of the Covert 

This covert was planted in 1797, my friend, Mr W. B. Havelock, the Head- 
Forester at Brocklesby, tells me. In all 102,120 trees were used in planting 
and in renewing the next season as follows; 


Oak {Querem pediuiculata) ... 

49,000. 

Spruce {Picea exceha) 

18,000. 

Sycamore (Acer paeudo^jflatanm) ... 

9,000. 

Ash (Fraxinus excelsior) 

8,200. 

Privet (Liiimtrum vidpare) 

7,400. 

Silver Fir (Abies pectimita) 

5,000. 

» 
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Mountain Ash (Pyriia aucuparia) 1,600. 

Larch (Larix decidua) 1,000. 

Birch {BetuUi alba) 1,000. 

Holly {Ilex aquifolium) 1,000, 

'W ych Yilm {Ubtiutf jnontana) ... ... ... 700. 

Spanish Chestnut 7 Y/,) ... ... 120. 

Willows (Salices) 100. 


There were thinnings in the early years of the century, '‘ the oldest inhabi- 
tant” told me — she was born in 1803; but nothing has been done for the last 
fifty seasons. On this retentive soil, Kimeridge Clay— for the Very Chalky 
Boulder Clay is too shallow in this covert to influence the main-crop growth 
at all — the main crop though 120 years old, is not nearly ripe yet. The late 
Mr Spencer, of Market Rasen, the largest of our local wood buyers, told me: 
“ The trees of Pepperdale on the Chalky Boulder Clay grow twice as fast as at 
Poolthorn on the Kimeridge Clay, but are not worth more than half the money 
when grown.” Poolthorn at present looks like requiring another 100 years 
to reach full maturity. 

III. The Planted Species still extant 

One hundred and twenty years is a long gap even in the lifetime of a 
covert, so there have been many changes since the original planting, for such 
a selection of sp^icies as was made at first would not be justified by an educated 
forester to-day. We have learned something, if only a trifle, in the last 120 
years. 

Picea excelsa is still there, but only just exists. As its roots are only in the 
upper surface soil, it is often wind uprooted, and its wood is valueless. 

Acer pseud o-platanus grows well, and is a free seeder. The ground in the 
less fully canopied places is often wholly carpeted with its young seedlings six 
to twelve inches high. See under Fraxinus about growing and dying, for Acer is 
just the same. Under its deepest shade only Circaea, Nepeta and IJrtica grow. 

Behila alba is there still, but never a seedling grows. 

Fraxinus excelsior is healthy and a free seeder. In the more open canopied 
parts, it grows up till it is ten to fifteen feet high, and then dies from over- 
shadowing. The same species grow in its shade as in that of Acer above. 

Larix decidua fails. 

Ligustrum vulgare only does well on the ride sides. 

Pruniis spinosa does well in places on the ride sides, much better in the 
Blackthorns where there are no over-shadowing species. It can obtain a 
footing on the Kimeridge Clay but not on the Very Chalky Boulder Clay. 

Pyrus aucuparia is now only on the Very Chalky Boulder Clay, on the 
ringing-ride side. It seeds freely too. 

Quercus pedunculata is the main crop species of the covert. The oaks will 
make the best of wood some day. In its shade all the Acer species, along with 
Geundy Pumex and Geranvmny can grow. 
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Salix alba is now practically only round the old pond on the Kimeridge 
Clay, and failing there from oak over-shading. 

There was one tree of S. caprea by the side of the Blackthorns, but it has 
gone these twenty years. It was on Kimeridge Clay, and was no doubt wind 
sown. 

S. dnerea is now confined to the Very Chalky Boulder Clay, and ride side. 

Ulmus rmntana is doing well and follows the ash as that follows the oak in 
numbers. It is the, same as Fraxinus in the matter of growing up and dying. 

I IV. The Stocking op the Covert 

The species found in this covert to-day are easily divided into three classes, 
(1) those that were on the ground at the time of the afforestation, i.e., before 
the parish was enclosed, (2) those introduced then, (3) those which have drifted 
to it since. There have been considerable fluctuations, produced by several 
causes, since 1891, when I became Vicar of this parish, and began to take full 
notes of the circumstances and species found. 

These opportunities for c^^ange by new conditions may be summed up as 
follows: 

(a) The Blackthorns have been twice cut down wholly to the ground. 
This opening of the soil to light and air allowed of the advent of many out- 
siders for a time, as a clean cutting always does in woodland. 

(h) Another potent cause of local change was the underwood cutting of 
the smaller trees and bushes of the older part of the covert. This gave a chance 
to a few outsiders to flourish for a limited period. It was, however, more of an 
opening for lowly underwood plants, such as the two common violets, and 
the Enchanter’s Nightshade (Circaea), with other species, which took full 
advantage for the time of the opportunity given, so that I have seen acres of 
ground purple with V. odorata and F. Riviniana, where they cannot grow now. 

(c) The next cause was the most unusual, and in its way the most potent 
influence of change at work. It was the presence, for some ten years, of “ clouds 
of starlings,” which used the Blackthorns as a roosting place — but never the 
other part of this covert. They were rightly called “ clouds of starlings,” for 
in the distance they were like a dark thunder cloud, or clouds, if they were in 
sections, on autumn afternoons. I have never met with a standard by which 
the number of birds in such multitudes can be estimated, and have vainly 
sought to find one. They could cover a ten acre field with a trifle of their vast 
flights sitting closely on the ground, as I have seen them do for some unknown 
reason, till it was absolutely black. I am on the safe side, when I say, that there 
were more than 1,500,000 in these sittings. There may have been more than 
thrice that number on one special day. At times of great stress this portion of 
the covert would not hold them, and flights late in the evening had to wing 
away to other gathering grounds unknown to me. On these evenings of great 
numbers healthy Blackthorn branches and bushes would suddenly crash down 
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under the united weight of many birds. Before they came to Poolthorn Covert 
they used Pepperdale Covert, a mile and a half away on the northern side of 
Howsham township. This covert was planted in 1801, and was cut down 
mature about ten years ago. There they killed the whole of the Blackthorn 
undergrowth by (1) their united weight, and (2) excreta. The main crop oak 
did not suffer in the least, and the ash only indirectly from their presence. 
Two species of woodpeckers at that time inhabited Pepperdale Covert— the 
Green {Gecinus viridis) and the Greater Spotted {Dendrocopus major). The 
starlings, I found, took possession of the nesting holes of these birds, early in 
the season, as fast as they made them, and caused many more borings to be 
undertaken than would have normally been the case. These in the end mean 
the destruction of the tree chosen for them, from fungus growth (Polypori). 
As the game was driven out of Poolthorn Covert by the aroma of their dung, 
and the Blackthorns nearly destroyed by their weight and excrement, this 
portion of the covert was cut down to save it from total destruction like the 
undergrowth at Pepperdale Covert. This effectually drove the birds from the 
parish. ^ 

{d) There are now two rides through the covert, N. to S., the old central 
one, and the Blackthorn Ride, i.e., part of the old ringing-ride between the 
old covert and the Blackthorns. There is a ringing-ride also round the entire 
covert, old and new parts together. Footpaths pass through the two central 
rides, and another along the N. side of the ringing-ride of the old covert from 
the hunting gate on the W. to that on the E. There are four of these hunting 
gates at the four corners of the old covert, and a large wood gate in the centre 
of its N. hedge. These footpaths and gates are causes of frequent and regular 
seed contamination from the outside. Two modes of carriage can be detected, 
(^/J mud carriage on (1) boots and (2) cart wheels, and (h) clothes carriage. 
These should be carefully distinguished for field work or mistakes will be made, 
though in the end they produce the same effects as regards the covert — the 
introduction of fresh species. 

(c) Another cause of change at work has been the state of the hedges. 
Sometimes they have been allowed to grow high, overshading the ring-ride, 
and so destroying Orchis pyraniidalis, Plantago media and other species. At 
other times they have been cut low as now. The full light, or its modification 
to any extent, at once tells on the ring-ride as a powerful influence — not, 
however, more than on the old central ride of the covert, which has lost 
Polygonmn Hydropijjer by the closing in of the Acer Pseudo-Plata eus canopy 
these ten years. At present — for I regret that my notes are not as full as they 
should be, as I have no standard by which to work — where the central ride is 
darkest of all from Acer over-shading, three species only are found: — IJrtica 
dwica, Nepeia ghchoma and Circaea, Where it is a trifle lighter, Geum iirbanum, 
Rumex nemorosus, and a drawn up, pale flowered form of Geranium Roherti- 
anum, which is generally carried as seed on shooting stockings, appear. 

Journ. of Ecology VI 8 
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Where it is a little lighter still Listera ovata grows, and Arctium minus can 
just exist. Where it grows lighter still, Galium Cruciata, Prunella and Ranun^ 
cuius repens, which in such cases may have a leaf miner, are in evidence. In 
the lightest part of all, Agrimonia and Spiraea ulmaria are first discovered. 
All these species are drawn up” till they. receive the amount of light they 
normally can survive under. 

(/) Another cause of local sudden change was an unusually high gale in 
1893, which blew down many of the largest Spruces, making wide gaps in 
various parts of the wood, and thus causing a vast growth of Vrtica dioica, 
Rumexnemorosus^ Cnicus lanceolatus^ Epilobiumanguslifoliumand other species. 

(g) A vital matter too for isolated coverts which have not yet obtained 
all the true woodland species is the presence of shooting parties annually, 
though only occasionally, from October to February. Their boots, but more 
especially their clothes, when they are moving from covert to covert, with a 
large party of beaters, are the means of importing new species. Some workers 
might consider this a matter of trifling importance. A friend of mine in the 
south absolutely declined to helieve that this cause could be “ anything but an 
infinitesimal influence.” As we rested lunching by the covert side, we made a 
superficial examination of his clothes and shooting stockings, as he sat on his 
walking-stick seat. They were discovered to be carrying, after a visit to the 
outside of three other coverts and certain intervening stubbles and root crops, 
seeds of the following species : 


Arctimn majus (coat), 
Bromus ramosus (coat), 
Bromus sterilis (stockings), 
Galium aparine (stockings), 
Galium tricorne (stockings), 


Geum inter tnediiim (stockings) (this hybrid 
is fertile), 

Geum rivale (stockings), 

Geum urhanum (stockings). 

Ranunculus arvensis (stockings). 


A modest and by no means large or normal contribution from the stubbles, 
hedges and coverts he had visited, to a freshly laid out covert, for instance ! 
The mud on his boots was not examined. “O, my man would have removed 
all these to-night,” he reasoned. “ But you are here by this covert perhaps 
sowing some of them before your man gets his chance,” it was urged. An 
argumentative man is hard to convince against his will. At the very next 
shoot, however, he was brought to reason. His eyes fell on me, as he stepped 
from his dog-cart, and he called out cheerily, “A guinea for every kind of seed 
you can find on me to-day before we start — the County Hospital shall have 
it.” A search in the flue of his shooting jacket’s inner and outer pockets gave 
the following seeds — not all of them then fertile, I should judge, from experi- 
ence in such matters: Arctium minus^ Avena fatua^ Ceniaurium umbellatum, 
Circaea luietiana^ Galium aparine, Holcus mollis, Hordeum vulgare, Phragmites 
vulgaris, Poa praiensis. There were others, but “too rubbed” to be clearly 
distinguished. 



E. Adrian Woodruffe-Peaoock 


115 


The County Hospital, of which he was one of the Honorary Managers, 
never obtained nine guineas in a simpler way. 

So potent is this means of dispersal that I prepared my field coat pockets, 
by a careful turning out and flue hunting, before I went into Howsham Wood 
on August 3rd, 1906. The following morning I again examined my pockets to 
find three species of seeds: Ge-um urhanum, J uncus glaucus and Cerastimn 
glomeratum. All fairly lowly growing species, which had reached my inner 
pockets by some means unknown to me. Ceraslium glomeratum did not grow 
then in this wood. I must have picked it up on the way there. In other words, 
in a four hours’ walk, the seeds of three species had found their way into my 
pockets by some means — no doubt by being jerked up by the elasticity of 
their stems as my shooting boots came into violent contact with them near 
to the ground. The fact is worth recording. In this way I once picked up a 
seed of Medicago denliculata on the band of iny stocking without observing 
the growing plant. 

(h) The seeds brought into a covert with barley and other stubble rakings 
and with foreign wheat refuse used for feeding pheasants is another cause of 
additions, which need hardly be referred to in this Journal. The species 
introduced in this way are so apparent and this article so long that I have not 
added them to it at all. 


V. Means of Dispersal 

The means of carriage I have observed in direct action at Poolthorn Covert 
in twenty-six years are the following: 

(a) Wind, (6) Mud, (c) Birds, (d) Clothing, Hair and Fur, (c) Ducks. 

(а) Wind. This is the commonest means of transport, but one of little 
importance in the special case we are considering — that is, a planted wood 
surrounded by tilth and grass. It does act however even here, as I have often 
observed in the case of many Compositac and Epilobia. 1 have seen the seed 
of two species arrive in a sou’w'cster in early October, both taken in a butterfly 
net which had beeji carried there for the purpose. They were Chrgsanthenmnt. 
LeucarUhemum and Epilobiuni ungusiifolimn ; but both were already there. 

(б) Mud. This takes two forms, that (1) on boots and (2) on cart wheels, 
and is a constant cause of contamination with the species of the tilth — the 
carr (cultivated peat) especially— named below. The right cause can nearly, 
but not quite always, be detected from their position on or by footpaths or 
cart ruts. “Wet boot carriage” cannot be distinguished from it in the field, 
though it is much more easily observed on one’s owm person, both in the case 
of seeds which give out mucilage, and those which have no gumminess when 
wet. 

(c) Birds. By this all-covering word, I wish to imply more than can be 
named here at present, classing as birds all non-water fowl. Two species 
especially must be named, for their work is clearly seen at Poolthorn Covert 

8—2 
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— the starling and the blackbird. When I speak of the starling, I mean that 
species and it alone. When I say the blackbird, on the other hand, I mean 
that species and the rest of the common British Turdi. It would be ridiculous 
and most misleading to speak in any other way, for as a labouring-man ob- 
server pointed out to me in his own language many years ago, “the blackbird 
does nine-tenths of the work which may safely be attributed to the Turdi, 
especially in their youthful first autumn months when thrush-like in mark- 
ings^.” 

{d) Clothing, Hair and Fur. The clothes of men and hair and fur of 
animals are fruitful sources of seed carriage. I cannot go fully into the matter 
here. Arctium is the species most commonly carried by mammals and the 
larger covert birds. 

(e) Ducks are hardly worth naming in this paper. There is only one 
shallow pond in the covert, which is never duck-visited now; it is too much 
over-shaded by trees. 


All probably on this ground when originally 
planted. 


VI. The Smaller Common Species 

The species that have been in evidence since 1891, when I first studied 
this covert, are as follows: 

Acer campestre doing well on the Kimeridge Clay in the S. ringing-ride. 
It came from the S.W. to this covert along the hedges*. 

Agrimonia Eupatoria. ^ 

Agrostis alha. 

A. tenuis. 

Alopecurus pratensis. 

Anthoxanthum odoratum. 1 

Anthriscus sylvestris came along the hedges or by clothes carriage? 
Arrhenatherum elatius, on ground when planted. 

Arum, maculatum, by the hedges. 

Beilis perennis, on ground when planted. 

Brachypodium pinnatum, originally and now on the Very Chalky Boulder 
Clay. 

Brachypodium sylvaticum, on the Kimeridge Clay, originally and now. 
Bryortia dioica, blackbird sown, but by starlings too. 


1 Though I have botanised for over fifty years now, I have never before seen the sight which 
may be observed this day, October 1, 1917. The berries of hedges quite untouched, even those of 
Rihet grouularia and R. rubrum in the gardens, and Pyrm aucuparia and Viburnum opulus which 
are making the woods flame into brightness, because there is no sugar to preserve the garden fruits 
with, and no birds, Turdi especially, after the seven months of frost and snow of last winter, to 
clear them off. We have not in some parts one thrush where there were 25 last year, or one black- 
bird where there were 10 twelve months ago. Such is war and weather in 1917. 

• Why has it not yet reached its proper soil, the Very CSialky Boulder Clay? Can it be that 
it is such a sunlight lover, that the northern hedge and covert side are not light enough for itt 
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Carex sylvafica, boot mud carried, in some cases even on stockings, see below. 
Caucalis anthriscus, by the hedges. 

Centaurea nigra, on the ground originally. 

Cerastium vulgatum, on the ground originally. 

Chaerophyllum. temulum, by hedges. 

Crataegus oxyacantha, blackbird sown. 

Crepis capillaris, on the ground originally. 

Dactylis glomerata, on the ground originally. 

Festuca rubra, on the ground originally. 

Galiuw aparine, by carriage of clothes. 

Galium cruciata, on the ground originally, 

Galium verum, on the ground originally. 

Geranium molle, on the ground originally. 

Geranium Rohertianum, by the hedges. 

Geum urhanum, clothes carried to and from this covert every season. 
Hedera helix, blackbird sown. 

Heracleum spkondylium, by wind drift along the hedges. 

Holcus lanaius, originally on the ground. 

Hordeum pratense, originally on the ground. 

Hypochaeris radicata, originally on the ground. 

J uncus injlexus, originally on the ground. 

Lapsana communis, along the hedges. 

Lathyriis pratensis, originally on the ground. 

Leontodon autumnalis, originally on the ground. 

Ijeontodon hispidus, clothes, boot mud, or wind. 

Lolium perenne, originally on the ground. 

LuzuJm campestris, originally on the ground. 

Lychnis alba, boot mud carried. 

Nepeta hederacea, boot mud or by hedges? 

Plantago lanceolata, originally on the ground. 

Planfago major, originally on the ground. 

Poa> annua, originally on the ground. 

Poa pratensis, originally on the ground. 

Poa trivialis, f. nemorosa, boot mud carried always, I believe. 

Potentilla. anserina, boot mud carried always, I believe. 

Poteniilla replans, boot mud carried always, I believe. 

Primula veris, originally on the ground. The hybrid P. veris x vulgaris has 
never been taken in this covert. Tt has been found, and is growing this season 
(1917) at Pepperdale ^'ox Covert, in this parish, hybridized from Primula 
vulgaris v. caulescens in a farmhouse garden close by. 

Prunella vulgaris, originally on the ground. 

Ranunculus acris, originally on the ground. 

' Ranunculus bulbosus, originally on the ground. 
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Ranunculus repens, originally on the ground. 

Rosa arvensis, hedges, but birds more commonly. 

Rosa canina, hedges, but birds more commonly. 

Rubus fruticosus, hedges and birds. 

Rumex acetosa, originally on the ground. 

Sambums nigra, starling sown, always and everywhere. 

Spiraea ulmaria, originally on the soil or more likely boot mud carried. 

Stachys sylvatica, both by boot mud and by the hedges. 

Stellaria graminea, originally on the ground. 

Stellaria media, from cultivation, by boot mud. 

Tamus communis, birds, especially blackbirds, but starlings too. 

Taraxacum vulgare, wind and boots both wet and muddy. As good as gone 
at times, but always returning. 

Trifolium, pratense, originally on the ground. 

Trifolium repens, originally on the ground. 

Triseium, flavescens, originally on the ground. 

Ulex europaeus, originally on the ground. 

IJrtic/i dioica, originally there or came at the planting in boot mud. 

Veronica agrestis, from cultivation, on boots. 

Veronica, chamaedrys, originally on the soil. 

Vida cracca, boot mud, and by hedges, but not by the latter now. 

Viola odorata, carpets the open parts of the covert after imdcrwood clear- 
ings, came along the hedges. 

Viola Riviniana, the same, but over much smaller areas. It can endure 
more shade too, a true hedge species. 

Tn regard to this list of species, it may be safely assumed that if not actually 
on the spot where the covert now stands, which many of them were, all 
reached it at an early date in its existence as a woodland. Acer, Anthriscus, 
Arum, Bryonia, and the other well-known hedge-side species, would hardly 
be on the spot, as this covert was planted before the enclosure of the parish, 
i.e., when there was not then a field-hedge near it. On the other hand, as the 
existing fences followed almost at once, at the present date — quite 100 years 
after the event — we cannot disentangle the mixed skein of facts surrounding 
the advent of each species, for now no less than seven field-fences reach the 
covert’s ringing-fence. 

Here I should like to make a short digression as a student of soils and 
means of dispersal. It will be the greatest mistake in the huge plantings, 
which must follow this war, if the opportunity is not taken of finally settling 
the approximate history of the advent of species to isolated woods. The points 
for special observation are : 

(a) What is on the ground the new wood is to occupy. 

(b) What in the ringing fence surrounding it. 

(c) What in the hedges running up to this ringing fence. 
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{d) What species arrive annually from the year of planting till tke final 
cleariilg. 

(e) What are the opportunities for change. 

(/) What are the means of carriage illustrated. 

Finally, the Board of Forestry should have a travelling specialist to note 
these things as he goes about, but more especially to give advice freely to 
owners as to the species to be used for the main crop and the initial shelter, or 
much money will be wasted, 

VII. Notable Species 

The following species have been carried to Poolthorn Covert by some 
means. They may (1) either have been brought when it was originally planted, 
or (2) they may have arrived by carriage of some kind since that date, yet 
before 1891, when I first began to make full notes. They are of two classes, 
{a) those from the immediate neighbourhood; and (6) those from a greater 
distance. 

(a) Species from, the immediate neighbourhood 

Ajuga replans, mud carried. 

Cnicus palustris, and its form with dense white hairs. Wind carried. 

Conkmi maculaiura, wind and mud carried. 

Juncus conglomeraius, duck and mud carried. 

Mentha verticiUata, mud carried. 

Orchis maculata, generally wind carried, more rarely clothes and mud 
carried. 

Prunus domestica, on Very Chalky Boulder Clay only. Man, or blackbird 
or perhaps jay sown. Gone now, both in the covert and hedges near. Why?^ 

Rihes grossiilaria, blackbird sown from the farm garden a quarter of a mile 
away. It is very (mmmon right in the covert in the more open parts on both 
soils. In masses 25 feet long by 15 wide at times. 

Rihes ruhrum, v. sativum, the same, but not so commonly found and never 
in masses. 

Sonchus asper, by wind drift. 

{b) Species from a greater distartce 

Gircaea lutetiana, clothes carried to and from this covert every season. 

Epilobium monianum, wind sown. 

^ I have gathered the fruit and carried it home to be cooked; but there has not been a bush 
left for ten years in the hedge on the Kimoridge Clay below the covert, or on tlie Very Chalky 
Boulder Clay within, yet the bushes were never cut out or dug up. In the next parish, North 
Kelsey, both the purple and yellow fruited forms are still found in the hedges, and tliis species 
is common enough in the hedges within a hundred yards of the table on which I write; but though 
they often flower, these low cut bushes have never fruited in twenty -eight years. I have proof 
that P. domesiica is sown by men, sheep and birds; and that like Pyrus malus it was originally of 
garden origin. Its varieties and forms, like those of that species, seem endless. 
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lAstera ovata, generally wind carried ; more rarely clothes and mud carried. 
It was clothes carried by me from this covert for a time to the damp roadside 
one field to the north, where it survived for some ten years. It is only found on 
the Kimeridge Clay of the old central ride, now failing from over-shading. It 
can stand as much over-shadowing as Ardmm minus. 

Ranunculus auricom/us f. depauperata, only on Very Chalky Boulder Clay. 
Mud carried, 

Rumex nemorosus is found especially under Quercus shade. There were 
four species on my stockings when I left this covert, 6 September, 1892, 
Circaea, Geum urbanum, Agrimonia and this Rumex. A few of the last named 
were sticking to the stockings directly, far more often to the seeds of Circaea 
already Securely hung there. The seeds of Carex sylvaiica are carried by means 
of Circaea in the same way. 

Viburnum. Opulus, only on Very Chalky Boulder Clay. Blackbird sown. 

VIII. Floating Population 

The species, which are uncertain, or have come to go and come again, 
perhaps more than 6nce, are the following. They are boot mud carried for 
the most part. 

Alehemilla arvensis, rarely there. 

Anagallis arvensis, very rarely there. 

Anthemis Cotula., generally there. 

Arctium, minus, there, gone, and back again, several times. It is clothes, 
bird and mammal carried, too. Cenerally there. 

Atriplex patula, often there. 

Bartsia Odontit.ee, rarely there, but there now, 1917. 

Brassica arvensis, generally there. 

Bursa pastoris, generally there. 

Chenopodium album, often there, but not now, 1917. 

Chrysanthemum. Leucanthemum , rarely there. Only a few plants left now, 
1917. 

Convolvulus arvensis, generally there somewhere. 

■Cynosurus cristatus, it is wind sown, too. It only comes and goes, for it 
hates shade of any kind. 

Euphorbia exigua. 

Euphorbia Helioscopia. 

Euphorbia Peplus. 

Mud carried from the carrs below on the south. 

Festuca elatior, gone now from the Very Chalky Boulder Clay, I believe, on 
account of early ride mowing. 

Filago germanica, carried on damp boots, or blown more often, from seed 
fields. 
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Galeopsis speciosa, from the carrs. Very rarely there. 

Galeopsis Tetrahii^ the same, but more often there. 

Lamium decipiens, the same. 

Leontodon nudicauUs, very rarely there. From the new grass pastures. 
Wind blown, or damp boot carried. 

Matricaria inodora, from the tilth. Often there. 

Myosotis arvcMsis, almost every season from the tilth, boot mud and clothes 
carried. In masses this season, 1918. 

Papaver Rhoeas, rarely there. 

Polygonum, aviculare, often there. 

Polygonum Hydropi])er, in the central ride. Now gone. By over-shading 
I suppose. 

Polygonum. Persicaria^ often there from the tilth. 

Ranunculus arvensis^ the same. 

Rhinanthus Crista-galli, from the meadow next below. 

Sagina procumhens, often there in a damp over-shaded spot. Mud carried. 

Scrophularia aquafica, in the same spot as the above. Gone and back again 
more than once apparently. 

Senecio vulgaris, gone and back several times. 

Viola arvensis, the same. 

IX. Very Casual Population 

The following wind-sown species are more or less uncertain — common in 
masses at times, and then vanishing when the ground is fully occupied. 

Carduus crispus, wind and boot mud carriage. 

Cmcus arvensis, wind and boot mud carriage. 

Cmcus lanceolaius, wind and boot mud carriage. 

Cmcus palustris, wind and boot mud carriage. 

All these thistles are present just now. 

Conium maculatum, mud carried too. 

Dipsacus fullonum, gone, but only a field away on the north. 

Epilobium angustifolium, 

Epilobium hirsuturn, both much in evidence just now. 

Lastrea Filix-mas, one plant only left, with fertile fronds, 1917^. 

Phleum prcUense, very erratic. Now only by the S.W. hunting gate, wind 
or mud carried. 

^ In ninety-nine per cent, of cases Lastrea is purely wind carried, yet I do not doubt from the 
position of the first specimen discovered that this species arrived at Pool thorn by boot-carriage. 
Its single fertile offspring now in the Blackthorn Ride is absolutely sheltered from the south- 
westerly gales, but not from the north winds which rush down this ride. So young plants which 
have never spared may be found in the dense covert to the south-west of this plant, but nowhere 
else on the recently cleared ground, 1918. « 
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X. Species Duck-caebied to a Pond 

Some plants have been duck carried very many years ago to a shallow pond 
within the covert. It is now of no depth, and always dry in summer, and fully 
over-shaded, with a fifty-year old oak tree growing in its centre. The following 
are on the point of going: 

Agrostis palustris, f. nsmorosm. 

Cardamim pratensis. It can never flower in the shade, and only survives 
by leaf-developed young plants. This gift was acquired to counteract defective 
seed development from late spring frosts, and not for shade growth, I believe ; 
but if you want specimens for an herbarium, visit an over-shaded pond in 
August^. 

Carex elata, it never flowers now, but grows well. 

Deachampsia caespitosa, wind and mud sown too. 

Juncus conglotneraius, hardly ever flowers. 

J uncus effusus, the same. 

Juncus sylvalicus, the same. 

The following have disappeared: Angelica sylvestris, Callitriche stagnalis, 
Carex mlpina, Glyceria fiuitans, Lemna minor, Ranunculus Drouetii, Veronica 
Beccabunga. 

XI. Species of Special Interest 

The following species I put into a list by themselves, for they have been 
noted with especial interest. 

Anemone nemorosa. This species arrived in 1892 by clothes carriage, I 
believe. It was before the starlings visited this covert, or I should have said 
that it had been carried by them, for it has come to Cadney Old Churchyard 
and elsewhere as I have observed hy starling carriage. It was not by the then 
footpath track side, just off it — as plants from clothes-carried seeds generally 
are. There was only one seedling plant on Very Chalky Boulder Clay, in 1892. 
Now there is a big patch in the north end of the middle ride, but still only 
there as yet in this covert to my knowledge. 

Centaurium umbellatum was introduced in 1900 by foot mud carriage as 
inferred from its situation. It extended vastly for three years, and then 
disappeared, and was no longer found till this season — 1917 — when it came 
by the same means as inferred from position. 

Cerastium viscosum. By situation once appeared as a mud or wet boot 
carried species too. It spread rapidly for a time in the north side on Very 
Chalky Boulder Clay, but when the hedge grew up it also departed. 

Daphne Laureola. I have been watching for the arrival of this species for 
over twenty years. There are eighty blackbird sown bushes in hedges half-a- 

Since the catting down this spring ( 1918) one plant has flowered for the flrst time in eighteen 
years. A dozen or more plants ane present. See Journal of Botany, 1917, p. 350. 



B. Adrian Woodruffe-Pe acock 


123 


mile to the east on Very Chalky Boulder Clay. It was introduced into this 
parish by the late Captain J. H. Skipworth, of the Chestnuts, Howsham, in 
1843. The original bush was still alive when I came here in 1891 , but has now 
gone. The curious thing is that only one plant has ever been detected to the 
north of the road past the Chestnuts. In the spring of 1917 at last, I found one 
plant on Kimeridge Clay in the south fence of the covert. It has always been 
sown by blackbirds, not the other Turdi, here and elsewhere where I have 
studied its dispersal in this county. 

Fragaria vesca. Arrived after the starlings reached the covert. It is now 
found all round about the Blackthorns; but is as yet confined to one spot only 
in the S. ringing-ride of the old covert, though no doubt it will be bird sown or 
boot carried to other parts later. At first it was just under the edge of the 
Blackthorns, where no man could possibly stand. 

Hypericum acutum. This species is also a new comer to the ride between 
the Blackthorns and the old covert. It too may have been starling carried; 
but from the position of the plant first found I judged boot mud carried from 
the roadside north of the covert. 

Lactuca inrosa. This is one of my typical cases for clothes carriage. On 
21 October, 1901, I was at a covert shoot at Poolthorn as a spectator. One of 
the guns told me that he bad been at a shoot on the meals (i.e., our maritime 
sand dunes), and that his legs and his clothes were covered with seeds. I got 
one — the only one I could find — on his coat and named the species he was 
referring to from it. On the 28 August, 1903, mark the dates, I found one 
plant only -but a very fine one -of Lactuca virosa in the south-western 
corner of the ringing-ride of Pcmlthorn (Jovert, just by the spot where I took 
a seed from ray friend’s coat. I’here can be no doubt that he sowed it there. 
I took a fragment of this plant as a typical specimen of clothes carriage for 
the County Museum; the rest of the plant was cut away later, before seeding 
time, in ride cleaning up for that year’s shootings. It has never been seen 
before or since. If that is not a perfectly typical case of clothes carriage, where 
shall I get one? I have the original seed taken in the County Collection, as 
well as the part of a plant grown from another tw^o years later. 

Lonicera Periclynienutu. There is one bird-sown bush at the S. end of the 
central ride. It has never flow^ered since I have knowm this covert- Blackbird 
sown. 

Lotus tenuis. This appeared in the ringing-ride at the south-eastern corner, 
at a spot where a shooter is generally placed. It w^as evidently, from its 
position close by the footpath, boot mud carried. It was there for two seasons 
only five plants in all. 

Orchis pyramidalis. Was in the north ringing-ride on Very Chalky Boulder 
Clay in 1891 when I first visited the covert. It died out under the high hedge 
growth which was allowed for some years. After the hedge was kept low it 
was again in evidence after three. seasons, for about six. Then it disappeared; 
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but for what reason I cannot judge. It has not been seen for some years now 
either there or elsewhere in this parish on the Very Chalky Boulder Clay i 
outcrop from which it was wind sown into the covert. These facts are curious. 
Perhaps they have to do with early meadowing of the rides and road 
sides? 

Pirn’s echioides. When I came here in 1891, this species was in quantity 
on the south ringing-ride of the old covert, on Kimeridge Clay. This fence was 
allowed to grow up, and was then cut down. The hedger who did this work 
carried this species on his boots or clothes to two other hedge sides to which 
he went immediately to work. Early ride mowing has destroyed it eighteen 
years ago in its original place in the covert, though in 1914 it was still in the 
corner of a pasture just outside the ringing-ride fence. As these are the only 
instances of this species in this wide parish, I believe that it was originally 
carried here on a shooter’s clothing or boots. It is not found in any of these 
places now. 

Plantago media. After the cutting down of the northern ringing fence, this 
species was seen for a few years on the "Very Chalky Bqulder Clay. At first by 
boot carriage by the foqtpath side' later slightly nearer the fence. It has now 
gone apparently, but why I cannot say. Can it be meadow ed out of existence? 

It is found elsewhere in this parish, but only on the Very Chalky Boulder Clay 
as in this covert, more rarely still on Very Chalky Sandy Glacial Gravel. 

Rhamnus catharticus. There is one staminiferous bush on the Kimeridge 
Clay, which was sown there by a blackbird dropping during the great frost 
of 1895^ I found in the long frosts of 1895, 1916 and 1917 that these birds 
never turn for food to the berries of this species till the late spring when all 
other fruits are exhausted. 

Rubus Idaeus. One root only, T believe blackbird carried, in the Black- 
thorn Ride. It may have been starling carried, but blackbirds are its usual^ 
transporters. It is the wild form, not that of our gardens. 

Sdlla nxm-scripia. This species appeared on the edge of the Blackthorns in 
1911. There was only one plant at first. It is now, 1917, spreading rapidly. 
There can be little doubt that it was starling carried to the spot where I first 
saw it. It is sometimes mud carried too, I know ; and no doubt is extending 
its range at present by this means in the covert. That was, however, not the 
means by which it first arrived, if the first plant’s situation is a true clue in any 
case. No shooter could have stood under the fetid blackthorn bushes where 
I found ’it. 

Senedo erucifqlius. There are two plants of this species on tKe Kmerid'^e 

carried on wet boots rather than by wind, for this species grows on the road side 
on Very Chalky Boulder Clay one field to the north in a stream vallev, which 
has cut through the upper strata of the Chalky Boulder Clay to its basement' 
or Very Chalky Boulder Clay bed. 
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XII. Conclusion 

What has been learned by the labour of twenty-six years on this covert, 
which is now 120 years old, when it is compared with other coverts and wood- 
lands round, is as follows: 

(1) The soil a woodland grows on is a most important consideration both 
as regards (a) the future main crop and (6) the nursing species. 

(2) That the species used in planting should be most carefully selected in 
regard to these two matters. These are the most important observations. 

(3) That the sheltering species should be wholly removed, and not left 
to take up valuable room after doing their work, as is so often the case. 

(4) That in time most, if not all, woodland species adapted to any par- 
ticular soil or soils gradually arrive, by chance means, at a covert even as 
isolated as Poolthorn is. 

(5) The modes of carriage are as various as the visitors to a covert are 
frequent or rare. 

(6) Unless it is an old woodland soil, i.e., has practically all the species 
that it is capable of growing, a covert is always receiving fresh, though perhaps 
only temporary, additions to its flora. 

(7) Even when a covert has practically every species that it can grow, 
some are ever ebbing or flowing, here for a few seasons in masses, and then as 
good as gone or absent, as the circumstances of chance or seasons reduce rapid 
fluctuations and changes, or cause them to increase. 

(8) Man is the all-potent influence in British woodlands, but unassisted 
nature — thanks to chance, gales, fungus and insect pests — is a good second 
in causing those local disturbances which bring about successive changes. 

(9) It would appear that species often arrive at woods which are new’l}' 
planted at a date before the soil is fitted for them as true woodland species. 
This seems to be the case with Ammone nemorosa at Poolthorn, though the 
soil seems quite in right condition for Scilla non-scripla. It may be that 
Amnione dropped on the wrong spot, rather too far out in the ride in this soil 
new to woodland. On the other hand Rubus Idaeus is too over-shaded where 
the seed has been dropped. Cenlaurium has not met with its right soil, while 
Fragaria is just at home. Lotus tenuis was never at home; neither is Lonicera 
where the seed w’as dropped. 

(10) The evidence I possess concerning this covert and other woods, seems 
to point to the conclusion that seeds are ever arriving from near at hand or 
more distant localities, t\\ey rarely liap^en on tire e\re\vms.tanees tliat Ibev 
exactly require, and so in the greater number of cases perish at an early date 
in their existence as plants. 
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CRYPTOGAMIC VEGETATION OF THE SAND-DUNES 
OF THE WEST COAST OF ENGLANDi 

By W. WATSON 
( With three Figures in the Text) 

In the sand-dune formation bryophytes and lichens are so prominent that 
any attempt to deal with its ecology is very cojispicuously incomplete unless 
this vegetation be taken into account. The bryophytes and lichens are not 
only important in forming humus and so preparing the ground for the higher 
plants, but they are characteristic and sometimes dominant partners in the 
different associations belonging to the formation. The purpose of this paper 
is to give some account of the non- vascular plants characteristic of sand-dunes, 
and the phanerogamic constituents of the various associations will only be intro- 
duced where it is necessary to enable the reader to gain a comprehensive view 
of the associated plants and to correlate these results with those of previous 
workers (3, 4, 5, e, lO). 

My investigations have been carried on for many years and on a great 
length of coast-line, extending from Bude in Cornwall to Seascale in Cumber- 
land. The dunes occurring within this area have many features in common, so 
that only those at Braunton in Devon and Burnham in Somerset will be dealt 
with in detail. The dunes of Lancashire are the most extensive ones on our 
coasts, but their natural characters have been somewhat interfered with during 
recent years by drainage and planting, and though their Brya and Harpidia 
associations are superior to those of any other dunes in this country, they are 
very poor in lichens and are in some respects less natural than those of 
N. Devon. 

The “Braunton Burrows” 

The sand-dunes of Braunton, known as the “Braunton Burrows,” are 
about 3 miles long by 1 1 miles wide, and are situated in North Devon, facing 
west towards Barnstaple or Bideford Bay (see Map, Fig. 1). At their southern 
boundary they are limited by the estuary of the Taw, but smaller dunes occur 
on the southern side of the river, and near Westward Ho an interesting pebble 
ridge is formed, this being prevented from encroaching on the golf-links by 
the labours of the inhabitants of the district. The eastern boundary lying 
towards Barnstaple abuts on marshy land. This portion is used by the golfers, 

* Part of a thesis accepted for the degree of D.So. at the University of London. 
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some drainage and levelling has taken place, and it is evident that its natural 
characters will be seriously interfered with during the coming years. On the 
northern side is Croyde Point, a headland of Devonian slates and sandstones 


Fig. 1. 

Sketch-Map or 
Braunton Burrows 

AND NEIGHBOUR- 
HOOD. Scale 1 inch 
to a mile. 1 : 63,360. 
The sand-covered 
area is dotted: the 
increase in height of 
the sand-hilJs is re- 
presented by increas- 
ing closeness of the 
dots. The highest 
sand-hills exceed 
50 feet and in some 
cases 100 feet. Where 
mud or muddy sand 
(sometimes forming 
salt-marsh) borders 
the rivers horizontal 
lines are added. 
Rooky headlands are 
indicated by thick 
wavy linos. Water 
and cultivated land 
are left blank. The 
lino AB represents 
the line of section 
of Fig. 2. 
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which only interrupts the dunes, miniature “burrows” being found in the 
bay between this headland and the more northerly Baggy Point. Northward 
again (out of the map) we get a wide stretch of sand and a narrow belt of dunes, 
which have been very much changed to form the 18-hole Woolacombe golf- 
course. 

The southern parts of the dunes are slightly screened from the full force 
of the prevailing south-western winds by the high coast-line from Clovelly to 
Hartland Point, so that the best-developed dunes are towards the north. The 
northern portion is the most interesting area and is the part to which most 
of my remarks refer. 

Topographical Divisions and Vegetation of the Burrows 

The Burrows and their limiting portions may be topographically divided 
as follows (see Figs 1 and 2). 

1. Flat Sands. On the seaward side there is a stretch of sand (Saunton 
Sands) which is over | mile wide at low tide, and is practically bare of vegeta- 
tion. An occasional tuft of Salsola' may be met with, but the halophytic 
association of strand-plants found on the seaward sides of some sand-dunes 
is absent. 

2. Scattered and cornparatively small fore-dunes. The flat sands are 
succeeded by a number of small sand-hills ranging in height from a few feet 
to as much as 15 feet. They are more or less linked up to form a sand-cliff 

1 2 3 4 5 fi 7 8 

Fio. 2. Section aceoss Bbaunton Buekows (line A Bin Fig. 1). Horizontal scale 1 ; 30,000 or 
.about 2*1 inches to 1 mile. Vertical scale about 10 times horizontal scale. 

Topographical regions: 1. Flat sand covered at high tides. 2. Fore -dunes (scattered and 
small very mobile sand-hills). 3. Very mobile dunes rising to 60 feet. 4. Brackish “slacks” 
(zone of Riccia crynfallina), 6. Mobile sand-hills rising to 100 feet. 6. The second lino of 
slacks, usually with Harpidia. 7. More or less stable sand-hills. 8. Flats with scattered stable 
sand-hills, 

parallel to the sea, but the appearance of this cliff is constantly changing,^ 
“ wash-outs ” and “ blow-outs ” being common. Practically the only vegetation 
present on them is Atnmophila, though a little Salsola or Crithmum may 
occasionally be met with on the face of the cliff, and a slight tendency towards 
an association of strand-plants may sometimes be detected in the larger inlets 
of the cliff. The Agropyretum juncei association which is shown on some parts 
of the Somerset, Cornish, Lancashire and Cumbrian (Seascale) coasts is absent, 
and no non- vascular plants were noticed on these ever-changing dunes. 

3. Large Sand-hills. These form an almost continuous ridge more or less 
parallel to the sea, with a tendency towards a position at right-angles to the 
incident and prevalent south-western winds. The hills are sometimes over 
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50 feet high, the sand is very mobile, and the dominance of Armnojjhila is very 
pronounced, this plant often being the only one met with. Viola canina^ 
Erodiuni cicutarimn, Potentilla anserma, Sedum acre, Senecio jacobaea, Leon- 
todon hispidum, Anagallis arvensis, Cynoglossum officinale, Nepela glechoma, 
Teucrium scorodonia, Euphorbia paralias, are occasionally met with. No 
bryophytes or lichens are present except on the inner edge, but a few Agarics 
sometimes occur. The unstable character of these hills and their deficiency 
in humus render it difficult for slow-growing plants to establish themselves. 
Fungal mycelium is sometimes abundant but it is only when the conditions 
are sufficiently stable that conidiophores are developed. This development, 
despite its rapidity, is only occasional, so that it is not surprising that com- 
paratively slow-growing mosses are unable to find a footing. 

4. Line of slacks. Zone of Riccia crystallina. The ridge of sand-hills is 
usually succeeded by a line of wide furrows or "'slacks” which run in a direction 
more or less j)arallel with the edge of the sea. They are sometimes interrupted 
here and there l)y small sandhills with the characteristic Marram grass 
{Ammo'phila), but arc often level and unbroken for hundreds of squares yards. 
During wet weather or high tides small lakes are formed in them but they may 
be fairly dry both in summer and winter. The presence of these small lakes 
was a common occurrence during the winter months, but during recent years 
the work of drainage, carried on for the preservation of the more inland golf 
links, has limited and in some places entirely prevented their formation. Very 
little grows on these slacks, the light brown colour of the sand being almost 
unrelieved by any tint of vegetation. The most prominent interruptions are 
formed in moist places by greenish patches of VaMcheria (F. sessilis, V. 
dicJioionia), pale green rosettes of a liverwort {Riccia crystallina) and patches 
of Glaux inaritima, whilst drifted matter such as seaweed is scattered any- 
where. A dark looking incrustation on the sand is sometimes caused by a 
small form of CoUenui pulposum., but more usually by the allied C\ glaucescens, 
whilst a whitish efflorescence may be due to the presence of Arthopyrenia 
areniseda. On their outer edges mosses appear, Bryunt argentcum being the 
one met with nearest to the sea, occurring on small sand-hills amongst Ammo- 
phila, whilst small sand-islands (1 to 2 feet high) yield B, pendulum associated 
with Marram grass arid PUmtago coronopus var. pygniaea. Other plants occur- 
ring on the flats are Samolus valerandi, Sagina. apetala var. prostrata, Arenaria 
peploides, Chenopodiurn rubrurn, Barbula tophacea, Aneiira pinguis, and the 
small Discomycete Barlaea crouani. 

Some of the slacks which are less liable to flooding have a much more 
prolific vegetation and approach in vegetational character those found further 
inland. The absence or rarity of bryophytes and lichens in this zone is partly 
to be explained by the occasional flooding with brackish water, of whicli few 
mosses have any tolerance, but is largely due to the mobile nature of the sub- 
stratum, the bryophytes and lichens which occur being able to do so owing to 
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the protective influence of other vegetation in preventing them from being 
covered by sand, or owing- to the occurrence of moist areas in which the sand 
is more firmly held together by the greater weight and the capillary attraction 
of the water-film between the particles. The fact that Bryum argenieum is the 
first moss to be met with is significant because it is a moss which spores freely 
and has a xerophytic device in the non-chlorophyllous apices of its leaves 
which cover over the transpiring portions; but any moss with similar advan- 
tages could take its place. The moss met with nearest to the sea depends 
largely on local circumstances, but B. argenieum, because of its high frequency, 
wide distribution and economic advantages is one of the first mosses to occur 
in bared places. The other Brya have similar though less pronounced advan- 
tages. Ricda crystalUna is well adapted to its moist substratum; its young 
thalli (developed from the spores) find fixing points in the moist sand, expand 
quickly, and form small rosettes over which the sand grains are carried, while 
the numerous air chambers provide it with sufficient air when it is submerged. 

5. The second group of sand-hills. These are parallel with the first ridge 
but are more uneven, their general parallelism to the sea being often obscured 
by flanges running at various angles from them. The general height of this 
inconstant ridge is over 50 feet and the highest peaks may sometimes reach 
100 feet. The sand on the outer portions of this ridge is continually shifting, 
but on the landward side the sand is less mobile and the dunes are more 
constant in form. Ammophila is the only plant which is a constant constituent 
of the ridge, and on the outer shifting sand is often the only plant present. 
The same species of flowering plants which occur on the first group of sand- 
hills are also found here, and in the less mobile portions Viola curtisii, Galium 
verum, Erigeron acre, Carlina vulgaris, Cnicus lanceolatus, Sonchus oleraceus, 
Scrophularia nodosa and Ajuga replans are also met with. The bryophytes 
become more conspicuous, Torlula ruralifonnis and Camptothecium lutescens 
(sand-hill form) being the dominant species, whilst other abundant species 
are Trichoslomum Jlavovirens, T. crispulum, Ceratodon purpureus, and Bryum 
pendulum. Torlula ruralis, and intermediates with the closely allied T. rurali- 
formis are not infrequent; Bryum argenieum is frequent, and B. caespiticium 
is occasionally found. Lichens are fairly abundant but consist of few species, 
the foliaceous Peltigerae {P. rufescens, P. canina, P. spuria) and the gelatinous 
Collema crispum being practically the only species represented. 

All these lichens have a spreading habit, forming on the surface of the sand 
leaf-like expansions over which the mobile sand-grains readily pass. The algal 
symbiont is a cyanophyceous one, and in Collema there is a large amount of 
mucilage, which functions as a water reserve. The dominant mosses have 
xerophytic devices. Torlula ruraliformis has plicated leaves with recurved 
margins and hyaline apices. It is often embedded in the sand, and during dry 
weather the leaves are appressed to the stem and somewhat twisted, so that 
only the hyaline apices are exposed. Camptolhecium lutescens has deeply 
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plicate leaves with recurved margins. It has not so restricted a habitat as 
Tortula nimliformisy since it is not uncommon on dry soil in calcareous dis- 
tricts, whereas T. ruralijormis is seldom found except on sea sand. Tricho- 
stomum fiavovirens is one of the few mosses which is tolerant of haloid salts. 
All three of these mosses are chiefly dependent on vegetative means for their 
reproduction. 

6. The second line of slacks. These are even less definite in position and 
form than the first line of slacks, and are often split up into smaller portions 
by offshoots from the second ridge of sand dunes. Their topographical relations 
are more constant owing to the sand being less mobile, but the water supply 
is very variable; a few of the hollows form permanent pools, some have a 
covering of water for a large portion of the year, whilst a large number are 
only occasionally flooded. This variability of water-supply, together with the 
drainage work now carried on, is responsible for a curious intermixture of 
plants, and some of the slacks must be considered to be in a transitory stage 
between the state of almost permanent pools and the drier state which will 
eventually ensue through drainage. In the wetter slacks the dominant plant 
is often one of the Harpidia group of mosses — Hypnmn aduncum var. pseudo- 
sendtneri — but it is often hidden by Eleocharis palusiris and Hydrocotyle 
vulgaris, which then appear to form the dominant members of the association. 
The Shoreweed (Littorella lacustris) is sometimes extremely abundant, forming 
almost pure patches scores of square yards in extent. Other frequent plants 
are Arenaria peploides, Glaux miriiima, Anagallis tenella, Sarnolus valerandi, 
Blackstonia perfoliata, Mentha aquatica, Chenopodiuin ruhrum, Hypnum cus- 
pidatum, whilst the rosettes of Riccia crysiallina again foj*m a prominent 
feature on the borders. Algae are very abundant but were not particularly 
investigated, the most prominent being Ohara fragilis, Vaucheria sessilis, and 
Mougeotia recurva. Some of the small algae noticed include Tribonerna homhy- 
cina, Dictyosphaeriuni ehrenbergianum, Tetracoccus botryoides, Scenedesmiis 
obliquus (com.), S. quadraius, Oocystis elliplica, Selenastrum gracile, Pandorina 
moruyn, and species of Ohroococcus, Anahaena, Oscillaloria, Gloeocapsa, Pedias- 
trimi, Desmids {Mesotaenium and Cosmarium spp. are abundant) and Diatoms 
{Amphora ovalis, Epiihema, and species of Navicula, especially A. viridis, are 
abundant). The slacks of a less wet character are more or less grassy and have 
a more varied flora. The presence and occasional abundance of the plants 
found in the wetter slacks indicate the changes which are occurring through 
drainage, changes which are also denoted by the intermixture of the following 
plants: Cerastium vulgatum f, Sagina nodosa f, S. procumbens f, Potentilla 
anserina f, Leontodon nudicaule o, Ceniaurium vulgare f, C. pulchellum o, 
Gentiana amarella o, Euphrasia officinalis o, Prunella vulgaris o, Rumex 
crispus var. trigranulatus, J uncus bufonius and var. fasciculatus a, Carex 
arenaria o, Hypnum cuspidatum f, H. stellatum f, H. aduncum and form 
falcaium f, Bryum pseudotriquetrum and var. compactum f, B. argenteum o, 

9—2 
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B. fallens o, Trichoatomumjlavovirens o, T. crisfulum o, Ceratodon furfureus i, 
Pellia fabhroniana f, Aneura tnajor (sand-dune form) f, A. finguis i, A. in- 

curvcUa o, Pelalophyllum ralfsii f, Lofhozia 
badensis f, Moerckia flotowiana o, Hygro- 
fhorus conicus i, H. pratensis f, Sphaero- 
spora asperior f, Aphanocapsa grevilleana, 
Nostoc vulgare f, Aphanotheca microsco- 
pica f. A peculiar form of Barbula tophacea 
with leaves distinctly decurrent is also 
frequent (Fig. 3); the extension of the leaf 
bases seems to be related to the inter- 
mittent supply of water. Incrustations 
similar to those of Arthopyrenia areniseda 
were noticed but as no perithecia were 
found it is unsafe to include the plant. 
Teucrium scordium, Scirpus holoschoenus, 
Juncus acutus and J. maritimus are also 
■present and sometimes abundantly so, but 
they are not widely distributed. Cyano- 
phyceous algae (Myxophyceae) are very 
abundant, their relative preponderance 
over other small algae being due to their 
more copious gelatinous investments 
rather than to any action of the colour. 
It is also significant that the lichens 
present on the outer dunes belong to 
genera which have a blue-green algal 
symbiont. 

7. More or less stable sand-hills. These 
are in various stages of transition between 
mobile and fixed dune and form much 
lower eminences than the former. Most 
of the plants given in Types of British 
Vegetation as belonging to the fixed dune 
association are met with, together with 

X 16. showing auricles. An auricle is plants of the Ammophlletum are- 

shown below, X 360; the upper cells are nariae. Bryophytes and lichens become 
chlorophyllous, the lower are hyaline, more abundant, Tortula ruraliformis often 

B. Leaf of type, X 16. Auricles are absent being the dominant plant, though its 

supremacy may be disputed by Camptothe- 
cium lutescenSy Peltigera canina, P. rufescens, or Cladonia furcatd, A careful 
scrutiny of an area of about 20 square yards on one of these sand-hills 
yielded the following results: Ammophila arenaria d, Ranunculus hulbosus o, 



Fig. 3. BabbttIsA tophacea, Mitt. 

A, Leaf of form from Braunton Burrows, 
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Erophila verna f, Viola canina o, Cerastium semidecandrum o, Arenaria 
serpyllifoUa a, A. leptoclados f, Geranium molle o, Erodium cicutarium i, 
Potentilla anserina o, Sedum acre f, Filago gerynanica o, Hypochaeris radi-- 
cata O 5 Senecio jacobaea o, Taraxacum erythrosperrmim o, Anagallis arvensis f, 
Ceniaurium umbellatum o, Myosotis collina o, Solanum dulcamara (o in 
damper spots or in places shaded by higher sand-hills), Scrophularia 
nodosa o, Veronica arvensis var. nana o, Teucrium scorodonia f, Plantago 
coronopus var. pygmaea o, Euphorbia paralias f, E. porilandica o, Carex 
arenaria f, Phleum arenarium> a, Aira ca/ryophyllea o, Poa compressa (small 
form) o, P, annua o, Tortula ruraliformis (a and with capsules), Campto- 
theciu7n lutescens a, Bryum pendulum o, Collema crispum o, Leptogium scotinum 
var. sinuatum 0 , Bilimbia sabuletorum o, Biatorina coerulea-nigricans o. The 
last-named lichen is covered with a floury substance (pruina) and this acts as 
a xerophytic device. Other plants not present in this particular area but 
occurring on similar and neighbouring sand-hills are Reseda luteola. o, Viola 
curtisii f, Hypericum hirsuiuin o, Ononis repens f, Potentilla replans o, Oenothera 
biennis o, Erigeron acre o, Filago minima r, Achillea 7nillefolium o, Carlina 
vulgaris a, Cnicus lanceolatus o, C. arvense o, Cyfioglossum offi,cinale f, Lycopsis 
arvensis o, Myosotis versicolor o, Echimn vulgare f, Solanum nigru7n o (usually 
in damper places), Verhascmn thapsus o, Sibthorpm europaea (unexpectedly 
found in moist nooks), Thyrmis scrpyllum a, Iris joetidissima. f, Tortula ruralis 
o, Ceratodon purpureus f, Barhula imguicuhiUi o, B, conv>oluta f, B, tophacea o, 
B. gracilis o, B, fallax o, Trichostomum flavovircMs f, 1\ crisjnil/mn o, Bryum 
capillare o, B, cmspilicvimi o, B, penduhmi o, Brachythecnmi albicans o, 
B, glareosum o, Collema crispum a, 0. cheileuyn o, C. ceranoides o, C. pul- 
posu7n o, Leptogium lacerimi f, L, tetmisshnum o, Peltigera rufescens a, 
P. ca7iina, a, ZJsnea liirta. o, Evernia prunastri f, Ra7nalina farinacexi o. 
Urceolarm scru/posa f, U, bryophila o, Squamaria crassa o, Cladonia furcata a. 
sometimes d, 6\ pyxidata and var. pocillmn f, C. fimbriata o, C\ cervicornis o 
(^^^ C, subcervicornis Wain.), (7. pungens and form foliosa f, Rhizocarpon 
petracum r (on small stones). 

8 . Flats mth scattered sand-hills. The definition between the flats 
and hills gradually gets less marked as the latter become more stable, 
and they finally merge together into dune-pasture land. The sand-hills 
have a similar floristic composition to those of the previous division, 
though the characteristic dune plants become less marked and invasions 
of other plants such as Hypnum cupressiforme and var. elatum, and Lopho- 
colea bidentata, occur. Ca7nptofhex'mm lutescens is often more abundant than 
Tortula ruraliformis and some of the smaller eminences are dominated by 
Carex arenaria. The accompanying dune-marsh association is similar to that of 
division 6. The most noticeable additions are Cardamine pratensis, Lithosper- 
mum officinale, Orchis incarnata, Epipactis palustris, Juncus glaucns, J, effusus, 
Scirpus tabernaemontana, Pteris aquilina, Hypnum ripariim, H, lycopodioides 
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and H. aduncum var. jxUernum. Sedges are more abundant, the following 
species being noted : Carex jlacca, C. oederi, C. extensa, C. 'punctata, C. goode- 
noyii, C. verna, C. hirta, C. pilulifera. 

Trees or shrubs are rare on any part of the dunes. Salix repens is present 
on the flats towards the south-east, but is rarely found on the sand-hills. 
A wind-swept elder or privet may be occasionally seen, and a small clump 
of sycamore trees stands out prominently on one of the small eminences. The 
lichens noticed on these treeq were not distinct from those found on trees in 
more inland situations. The chief species found include IJsnea flarida, V. hirta, 
Evemia prunastri, Ramalina fraxinea, R. calicaris, R. fastigiata, R. farinacea, 
R. pollinaria, Parmelia saxatilis, P. sulcata, P. revoluta, P. caperata, P. phy- 
sodes, P. perlata, P.fuliginosa var. laeto-virens, Xanthoria parietina, Physcia 
tenella, P. ulothrix var. tnrella, P. pulverulenia, P. aipolia var. cercidia, Lecanora 
rugosa, L. chlarona, Lecidea paraserm and its variety elaeochroma, Buellia 
canescens, Rhizocarpum alboatrum. and Opegrapha atra. 

The Associations on the Burrows 

A. The Strand. 

1. An association of strand plants is very poorly represented. 

B. The Sand-hills. 

2. A sea-couch-grass association (Agropyretum juncei) is absent. 

3. A Marram-grass association (Ammophiletum arenariae) is well shown. 
There are at least three sub-associations represented, (a) On the seaward side 
the sand is mobile, the dominance of Ammophila is very pronounced, other 
phanerogamic plants are infrequent, and mosses or lichens are absent or very 
rare. (6) In the second the sand is less mobile and though Ammophila is still 
dominant, other phanerogamic plants, especially Euphorbia paralias, are 
frequent. The mosses, Tortula ruraliformis and Camptothecium lutescens, are 
very abundant, whilst the lichen Peltigera canina is conspicuous and common, 
(c) On the landward portion the dunes are fairly stable, the dominance of 
Ammophila is less pronounced and Cladonias (especially C. furcata) are often 
very abundant. 

4. A fixed dune association is present on the landward side of the Burrows. 
Ammophila arenaria and Carex arenaria, the two plants chiefly concerned in 
the fixation of the dunes, become less abundant and finally disappear in the 
dune pasture. Salix repens plays a very small part in the 'fixation of these 
dunes, and the dry association of Salix repens (( 6 ), p. 350) is unrepresented. 
The dunes which are almost stable are characterised by squamose and fruti- 
culose lichens. Urceolaria scruposa, U. hryophila and Cladonia pyxidata var. 
pociUum are frequent and some fruticulose lichens (Ramalina farinacea, Usnaa 
hirta and Evernia prunastri), which are usually found on trees, are character- 
istic members of this sub-association. “A grassland association of dune 
hollows” (( 6 ), p. 351) occurs on the landward side. Like the almost stable 



W. Watson 135 

dunes it is an approach to fixed dune, and is probably better considered as a 
sub-association. > 

C. The slacks or hollows between the sand-hills. 

5. A Riccia crystallina association is present on the outermost slacks to 
which sea-water has occasional access. Glaux mqritima is the only phanero- 
gamic plant common in this association and Vaucheria dichotoma is a frequent 
member. 

6. The dune marsh association is well shown. The chief phanerogamic 
constituents are Hydrocotyle vulgaris, Anagallis tenellu, Eleocharrs palustris 
and Littorella lacustris, but the dominant plant is often a Hypnum belonging 
to the Harpidium group, so that this association may be styled a Harpidia 
association. Algae are abundant and chiefly belong to the Cyanophyceae. 
Another facies of this association is characterised by the dominance of J uncus 
acutus. 

7. Dune pools are sometimes present, are usually more or less brackish, 
and contain little vegetation besides Chara and other algae. 

8. In the damp hollows between the sand-hills bryophytes (especially 
Bryuni spp.) are abundant, and this association may be called a Brya associa- 
tion. Salix repens is sometimes present and Carices are frequent (see “ Damp 
Association of Salix repens ” (6), p. 351). 

D. Associations bounding the Burrows. On the landward side dune 
pasture is found, a shingle ridge occurs near Westward Ho, salt marsh is 
present on the shores of the Taw estuary, whilst salt marsh pasture is found on 
Braunton Marsh. 


ThR SoMER.SET SaND-DuNES 

The only part of the Somerset coast which has well-marked sand-dunes 
lies between Burnham and Brean Down. They extend along the coast for 
over 5 miles and at their widest point are about half a mile broad. They are 
much inferior to those of Braunton, not only in extent but also in the altitude 
of the sand-hills themselves. There are no well-marked lines of ridges and 
furrows, but numerous pools occur, most of which are of temporary duration. 

In some parts the association of strand plants or the Agropyreton juncei is 
present. The only mosses {Tortula ruraliformis, Bryum intermedium, Tricho- 
stomum jkivovirens) noticed in these associations are also found further inland, 
but they may occur just above high-water mark, and T. fiavotyirens is more 
characteristic of these associations than of those further inland. 

The dunes are of a less shifting nature than those of Braunton, the belt in 
which the Marram grass is almost exclusive of other vegetation being a narrow 
one. The phanerogatnic vegetation of the hills in which Tortula ruraliformis 
and Camptothecium lutescens are the dominant mosses is similar to that of 
Braunton, the Marram grass being predominant, while Carex arenaria, Sedum 
acre. Euphorbia paralias, Cynoglossum officinale and Erodium cicutarium are 
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abundant, but there are local differences such as the absence or infrequency 
of Viola curtisii, Teucrium scorodonia^ Filago germanica, Centaurium vulgarCy 
Euphorbia portlandicay Erigeron acre, J uncus acutus, and the presence or more 
common occurrence of Trifoliuni arvense, Oenothera ammophilay Carduus 
tenuijloruSy and Anthyllis vulneraria (this is placed under var. puhhella Vis., 
Jy, of Bot, July, 1917). 

The cryptogamic vegetation is also similar, as the following list shows: 
Tortula ruraliformis sd, Caniptothecmm lutescens (sd and in wet weather some- 
times covered with Syniploca m'ascorum)^ Tortula ruralis o, Ceratodon purpureus 
a, Barbulafallax and var. brevifolia a, B, tophacea o, TricJiosiornmn flavovirens o, 
Bryum pendulum, o, B. capillare a, Brachythecium rutabulmn o, B. albicans o, 
Eurhynchium inegapolitanum o, Amhlystegium serpens o, Cladonia furcMa Id, 
C. pyxidata and var. pocilluw, f, (7. jimhriald o, C. cervicornis C. subcervi- 
cornis Wain.) o, 6\ pungens f, Peltigera canina a, P. rufescens f, P. polydactyla f, 
Collenia pulposum o, C. crispum o, Leptogium scotinurn var. sinua,tum f, L. 
lacerum, f, Urceolaria scruposa o, U, bryophila, o, Bacidia muscorum o, Biatorina 
coeruleonigricans o. On the dunes which have been rendered more stable by 
the planting of Hippophae rhaninoides these are supplemented by Hypnum 
cupressifmne var. ericetorum a, Eurhynchium confertum f, and Hylocomium 
squarrosum a. 

In the damp grassy sandy hollows an association of plants occurs with 
species of Bryum abundant, and this might fitly be called a Brya association. 
The most common plants are Hydrocotyle vulgaris ^ Lycopu,^ euroqMcus, Galium 
palustre, Sagina, nodosa ^ J uncus bufonius, J, glaucus, Bryum warneum, B. 
penduluniy B, himumy B, pseudotriqrietrumy Brachythecmm mildeammiy Barhula 
lophaceay Funaria, hygromelricay Hypnum polygammny Pellia, fabbroniana, 
Petalophyllum ralfsH, Aneura pinguis\ A. incurvaia, and Nostoc commune (often 
very large and abundant). 

In the wettest hollows the pools are often constant and contain long shoots 
of Hypnum pseudojluitans (~- H. aduncum, var. paternam) as well as //. adiincum 
var. intermediumy Potmnogefon perfoliatus and Zannichellm pedicellata, whilst 
in the surrounding marshy ground H, aduncum and its varieties polycarporiy 
wheddoni and graeilescens, H. cuspid, atumy and Pdlia fabbroniana are associated 
with Hydrocotyle vulgaris, Epipactis palustris. Iris pseudacorus, Phalaris 
arundinacea, J uncus effusus, Glyceria aquatica, Holcus lanatMS (often with 
Epichloe tyj)hinar parasitic on it), and Eleocharis palustris. 

An excellent account of these dunes is given by Moss ( 4 ). Some changes 
have occurred since that was written (1906) but they scarcely affect the 
conclusions arrived at. The association of strand plants was little evident 
for several years (probably owing to storms and high tides) but in 1916 
appeared to be regaining its former conspicuousness. 
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The Lancashire Sand-Dunes 

These have been briefly described by Tansley in Types of British Vegetation 
( 6 ), and by Wheldon in Some social Groups of the Bryophyta ( 11 ). The 
northern dunes near Blackpool have lost many of their natural characters 
through building and drainage and call for no special mention, but those 
near Southport are remarkable in many ways. Like those of Braunton, they 
consist of ridges and furrows running parallel to the sea, but these ranges of 
sand-hills and valleys or ‘"slacks” are more definite and numerous, though 
the enclosed slacks are not so large as those of Braunton. 

The dominant moss on the hills is again Tortula ruraliforinis, but Campto- 
thecium lutescens is rare or absent, whilst the following species, which are less 
frequent or absent on the Devon and Somerset dunes, are abundant: Brachy- 
theeium albicans, Barbula rubella and Ceratodon conicus. Lichens are rare and 
in many cases appear to have been introduced during the planting of trees, 
Peltigera canina and P. horizontalis only occurring in the parts where planting 
has taken place. No Collemas, Cladonia furcata, Urceolaria scruposa, Biatorina 
coeruleon igricans, nor Bilimbia sabuletom^n have been noticed, but Arthopyrenia 
areniseda and Cladonia pyxidata var, pocillum occur in some of the dune hollows. 

A Harpidia association is well shown in the hollows which form pools 
during the winter months, the following species occurring: Hypnum lycopo- 
dioides a, //. wilsoni a, //. revolvens a, H, aduncum a, II, pseudofluitans (H. 
aduncum var. paternum) a, H, intermedimn, H, scorpioides, //. sendtneri. Other 
species of Hypnum not belonging to the Harpidia group as H, cuspidalum 
and n. giganteAitn are sometimes abundant, whilst A mblystcgimn filicwni var. 
ivhiteheadii sometimes becomes the dominant partner. In hollows more of a 
marshy character Hypnum elodes, //. polygarnum and var. slagnatum, H, cus- 
pidaturn and Awblysteguirn filicinum are the chief mosses. Many of these 
Hypna (//. lycopodioides, H, wilsoni, H, scorpioides, H, revolvens, H, inter- 
mxdiutn) are usually plants of mountain bogs. Their occurrence in sand- 
dune pools may be explained by considering them as plants of an ascending 
series which have been almost eliminated in the lowlands by drainage and 
cultivation. Hypnum lycopodioides and H,scorpioides are now usually sub-alpine 
plants; the others, though they are much more frequent in mountain regions, 
have been more successful in their competition with plants of a lower range. 

The Southport dunes are also remarkable for containing several other 
mosses which are usually found at higher altitudes; Meesia trichodes, Swartzia 
inclinafa, Catoscopium nigritum and Amblyodon dealbatus are all found in the 
moist hollows of the sand-hills. They are considered as immigrants from their 
mountain stations (see ( 6 ), p. 3*52), but the preceding explanation of the 
presence of some Hypna may also apply to them. They have also been found 
on the Anglesey sand-hills ( 3 ). 
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Cryptogamic VegetaJtion of Sand-dunes 


SUMMAEY 

/ 

There are a number of associations represented on our western dunes with 
various others intermediate between dune associations and halophilous or 
salt-marsh associations. 

The most abundant plants of the sand-hills are often mosses or lichens, the 
more or less unstable dunes being dominated by one or more of the following : 
Tortula ruraliformia, Camptothecium lulescens, Brachythedum albicans, 
Cladonia furccUa, Peltigera canina, P. rufescens. 

The wet hollows of the dunes often form an association of Harpidia 
(Drepanocladus), the damp hollows a Brya association. 

The changes in mobility of the sand are well shown by the lichens, Pelti- 
geras on the unstable hills and fruticulose lichens such as Vsnea, Rarmlina 
and Evernia on those which are almost fixed, an intermediate stage being 
shown by the abundance of Cladonia furcata. 

Many calciphilous plants (e.g., Barbula tophacea, Trichostomuni crispvlum 
Pellia fabbroniana, Preissia quadrata, Lophozia hadensis, Scapania aspera 
Camptothecium lutescens) are present owing to the presence of comminuted 
shells. 

On the inner dunes there are a number of plants which are found on all 
dunes, but the floristic composition varies with the character of the siirround- 
ing land. 

Many of the bryophytes growing on the sand-hills have xerophytic charac- 
ters, though none can be called xerophytes. 

The Algae on the seaward portion of the dunes chiefly belong to the 
gelatinous Cyanophyceae ; it is also to be noticed that the lichens on the outer 
dunes have a blue-green algal constituent, and are often gelatinous. The 
frequency of cyanophyceous algae and of lichens in which these are the algal 
symbionts cannot be explained by their tolerance of brackish water, since the 
algae do not form a conspicuous part of the marine flora, but is due to the 
power which the mucilage has for absorbing water. 

Some of the dune bryophytes are only found elsewhere on mountains, 
drainage and cultivation having eliminated them in intermediate regions. 


LISTS OF PLANTS OF SAND-DUNES 
Association of Strand Plants 
[See ( 6 ), p. 340, and ( 8 ).] 

Sea-Couch-Grass Association 
Agropyron junceum d. Cakile maritima f. 

Carex arenaria sd. Arenaria pepUndes a. 

Olaucium JUmim o. Eryngium rnmUimum f . 

Gochl&nria officinalis o. Caucalis arvensis o. 
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Seneciq vtdgaria var. radiatus la. 
Olaux maritima o. 

8olahum dulcamara o. 

Lycium chinense o. 

Thymus aerjpyllum o. 

Beta maritima o. 

Atriplez hastata t 
A, delloidea f. 

A, bahingtonii f. 

Salaola kali L 
Rumex criapua o. 


Euphorbia paraliaa o. 

Holcua lanatua o. 

Bromua hordeaceua var. nanus o. 
Hordeum murinum var. arenarium o. 
Trichoatomum flavovirena a. 

Tortula ruraliformia a. 

Bryum intermedium o, 

5. argenteum o. 

J5. erythrocarpum o. 

Gamptothecium luteacena a. 
Brachythecium albicans a. 


[Also see Travis in ( 8 ), in which paper the strand and fore-dune floras 
are joined together. The two associations run into each other on many 
other dunes.] 


Sand-hills, 

(a) 

Ammophila arenaria d. 

Euphorbia paraliaa o. 

Sedum acre o. 

Anagallia arvensia o. 

Senecia jacobaea o. 

Viola canina r. 

Erodium cicutarium r. 


Ammophiletum arenariae 
Very mobile hills 

Potentilla anaerina r. 
Leontodon hiapidum r. 
Nepeta glechama. r. 
Teucrium acorodonia r. 
Cynogloasum officinale r. 
Bryum argenteum r. 
Agaricua spp. r. 


(6) Less mobile dunes 


Ammophila arenaria d. 


Euphorbia paraliaa a. 


The phanerogamic plants found on the very mobile dunes become more 
frequent. 


Viola curiiaii f. 

Arenaria leptoclados f. 

Galium verum o. 

Erigeron acre o. 

Carlina^ vulgaris o. 

Sonchus oleraceua o. 

Cnicua lahceolatus o. 

Ajuga reptans o. 

Scrophularia nodosa o. 

Iria foetidiaaima o. 

Tortula ruraliformia d. 

Gamptothecium luteacena (sand-dune form) a. 
Brachythecium albicans a. 


Bryum pendulum f. 

B, argenleum f. 

B. inclinatum f. 

B, caeapiticium o. 
Geratodon purpureua f. 
Barbula convoluta f. 
Tricboatomum criapulum f. 
T. flavovirena f. 

Tortula ruralis o, 

Peltigera canina a. 

P. rufeacens a. 

P. spuria o. 

Collema criapum o. 


(c) Somewhat stable hills 

[For Phanerogamic plants see preceding lists and ( 6 ), pp. 349, 350, etc.] 

Tortula ruraliformia d. Gamptothecium luteacena (sand-dune form) 

T. ruralis r. a to d. 
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Bryum 'pendulum a. 

Brachythecium albicans a to sd. 

B, argerUeum f. 

B. glareoaum o. 

B, indinatum f . 

Peltigera canina a. 

B, caespUicium o. 

P. rufescens a. 

B. capillare o. 

P. horizomtalis r. 

Ceratodon purpureus a. 

P. spuria o. 

C. cmic'ua o. 

Collema crispum f . 

Swartzia inclinata r and L 

C. ceranoides o. 

Barhida conmluta (often almost black) a. 

Leptogium pulvinatum o. 

B. rubella a. 

L. lacerum a. 

B, fcUlax, a and var. brevifolia a. 

L. scotinum var. sinuatum a. 

B, unguiculata o. 

2y. tenuissimum r. 

B, JumischticMana o. 

Cladonia furcata, a sometimes' d. 

B. gracilis o. 

Biatorina coeruleonigricans o. 

B, vinealis o. 

Eurhynchium megapolitanum r. 

Bilimbia sabuletorum o. 

[For Fungi see Wheldon, (9).] 


{d) Almost fixed sand-hills or banks of sand 

The same species as in (c) but the characteristic members of the Ammo- 
philetum arenariae are not so abundant and many other species appear. The 

additional phanerogams partly depend 

on local conditions. The following list 

gives the additional bryophytes and lichens, many of which must be considered 

as casual visitors. 

- 

Pleuridium altemifolium o. 

Hylocomium squarrosum f. 

Ditrichum flexicaule o. 

//. splenden^s o. 

Dicranella heteromalla o. 

H. splendens var. gracilius o. 

AcaiUon muticum o. 

Lophocolea cuspidata f. 

Dicranum scoparium o. 

L. bidentafa o. 

Encalypta rhaMocarpa r. 

Ptilidium ciliare r. 

E, streptocarpa r. 

Fridlania dilafata (often almost black) r. 

Trichostomum mutabile o. 

Scapania aspera var. inermis o. 

var. cophocarpmn and var. liUorale o. 

S. aequiloba o. 

T. fragile o. 

Cladonia pungens and f. foliosa- f . 

Tortnlu subulala, o. 

C\ pyxidata and var. pocitlum f. 

Leptobryum pyriforme r. 

C, fimbriata o. 

Bryum roseum o. 

Urceolaria scruposa f. 

B. airopurpureum r. 

U. bryophila and f. lichenicola f. 

/?. donianum r. 

CoUe7na pulposum o. 

Thuidium philiberti r. 

6\ cheileum r. 

jP. abietinum r. 

Squarmria crassa r. 

Eurhynchium confertum o. 

Rhizocarpon pelraeum (on small stones) r. 

Amhlystegium serpens o. 

Usnea hirta o. 

Ciirmcium dendroides f. depauperaia o. 

Evemia prunaMri o. 

Hypnum cupressiforme and vars. ericetorum 

Ramalina farinacea o. 

and tectorum a. 

BracJiyihecium rutabulum f . 

Bacidia musdorum o. 
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“ The grassland association of dune hollows” is, like the above, a transition 
to a dune pasture. The phanerogamic and cryptogamic flora is similarly 
variable. It differs chiefly from the above in the greater abundance of 
grasses and in the less xerophilous character of its flora. For phanero- 
gams see Types ( 6 ), pp. 345, 352. Many plants are invaders from the 
surrounding district; Tortula ruraliformis, Cmyiploihecium lulescens and 
Brmhythecium albicans become less abundant, whilst Hypnum cupressi- 
forme, Brachythecium rutabulum, Eurhynchium confertum, Hylocomium squar- 
rosum, Barbula convoluta, Ceratodonpurpureus, Bryumcapillare and Lophocolea, 
cuspidata are common members of the mossy carpet often found. Any of the 
plants mentioned in the preceding list may occur in this sub-association. 


Dry Association of Salix repefis 
[See ( 6 ), p. 351.] 

The bryophytes and lichens are similar to those of “ (c) Somewhat stable 
hills ” p. 139. 

Riccia crystallina Association {Brackish Slacks) 


Glaux truiriiima. Collema pulposum* 

lUccia crystallitia, Vayxheria sesaiUs, 

Collema glaucescem. V. dichotoma. 

On similar slacks the following plants have been noted: 


Arenaria peploides f. 

Sagina maritima, 

S. apeiala var. prostrata, 

OlaiLx maritirna a. 

Sarnolus valerandi. 

Plaiiiago coronopm var. pygmaea a. 
Chcnopodium ruhrum, 

Littorella. lacuslris f. 

Eumex crispus var. trigranulatus, 
Ammophila aretuiria. 

Bryum pendulum, 

B, ivarneum. 

B, argerdeum. 


TrivJiostomum flavovirens f . 

Barbula topliacea, 

Pottia heimii, 

Poitia intermedia var. littoral is, 

A mhlystegmm serpens var. salinum, 
Riccia crystallina, 

A neura pinguis, 

Collema glaucescem, 

C, pulposum, 

A rthopyrenia areniseda. 

Vaucheria sessilis, 

V. dichotoma, 

Barlaea crouanii. 


. Ranunculus baudolii, Zanichellia pedicellata, and Cliara spp. are present in 
pools. 


Brya Association in Damp Sandy Hollows 


The phanerogamic constituents are somewhat variable, and only some of 
the characteristic species are given in the list. 

Salix repens la. Centaurium vulgare f. 

Sagina nodosa, C, pulchellum, 

Cardamine pratensis. Orchis incamata f. 

Patnassia palustris and var. condensata If. Epipactis palustris f . 

Galium palustre, J uncus bufonius and var. fasciculatus f. 
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Carex distans. 

C, hirta. 

C. extensa, 

C. arenaria, 

C. fiacca. 

C\ goodenoviu 

Equisetum mriegatum var. arenaria. 
Selagindla aelagirwides 1. 

Bryum wameum a. 

B, intermedium t 
B. pallens t 

B* pseudotriquetrum and var. compactum a. 

B. cahphyllum r. 

B. himum o. 

B, lacustre r. 

B. neodamense r. 

B» tUiginosum o. 

B* pendulum f. 

B, marratii r. 

Brachyth^cium salebrosum var. palustre (B. 
mildeanum) f. 

Brachyihecium rutahulum and f. robusium o. 
Barhula tophmea a. 

Geratodon purpureus o, 

C, conicus r. 

Amblyodon dealbatus r. 

Catoscopium nigritum If. 

Meesia trichodes 1. 

Pottia intermedia and var. littoralis r, 

Funaria hygrometrica f. 

Trichostomum flavovirens o. 

Dune Marsh 


Mnium cuspidatum o. 

Uypnum chrysophyllum and var. erectum o. 
H. cuspidatum o. 

H. cupressiforme var. datum o. 

U, stellatum o. 

H. riparium o. 

Alicularia scalaris o. 

Calypogeia trickomanis o.» 

Cephaloziella bifida o. 

Lophozia hadensis and var. obtusiloba f. 

2/. turbinata o. 

Petalophyllum ralfsii f. 

A^ieura muUifida. 

A. sinuata. 

A, pinguia f. crasaior and f. minor L 
y&T. anguatior o. 

A, incurvata r. 

A. major (sand-dune form) f. 

Preiasia quadrata If. 

Pdlia fabbroniam If. 

Eeboulia hemiaphaerica. 

Lophozia exciaa f. arenaria, 

Moerckia fix^towiana, 

Arthopyrenia areniaeda. 

Collerna pulpoaum f . 

Noatoc commune f, 

Hygrophorua conicus L 
H, pratenaia f. 

Sphaeroapora asperior o. 

S, trechiapora. 

Association 


The dominant plant is 

Sagina nodosa f. 

Pamasaia paluairis If. 
Hydrocotyle vulgaris sd. 

Oalium palustre a. 

Anagallis tendla sd. 

Samolua valerandi f . 

Olaux maritima o. 

Mentha aquatica a. 

Lycopus enropaeus a. 

Teucrium scordium 1. 

Littordla lacustris Id. 

Junma maritimua 1. 

effuaua f . 

J, acutua L 
J. glaucua o. 

J. bufqniua o. 


a Hypnum (Harpidium). 

Iria paeudacorus o. 

Epipactis paluatria o 

Orchis incarnata o. 

Eleocharia paluatris Id. 

Carex spp. a. 

Scirpua holoachaenua 1. 

Olyceria aquatica o. 

Hypnum aduncum a. 
var. paevdoaendtneri Id. 
var. wheldoni o. 
var. aquaticum o. 
var. intermedium a. 
var. patemum a. 

H, aendtneri. 

H. polygamum a. 
var. atagnatum f. 


often 
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H. intermedium If. 

H. mlaoni o. 

var. hamcUue If. 

H. lycopodioides f. 

H, acorpioides o, var. anguaiijolim* 
H. cuspidatum f. 

H. giganteum o. 

Amblystegium filicinum f. 

var. whiteheadii la. 

Bryum paeuddtriquetrum f. 


B, neodamenae r. 

Pellia fahbroniana f.' 
Moerckia flotowiana f. 
Cephalozia bicuapidata o. 
Biccia crystallina o. 
Vaacheria aeasilia a. 
Mougeotia spp. a. 
Tribonema bombycina a. 

Cyanophyceous algae a. 


Many of the hollows contain water for a large portion of the year. In these 
Hypnum lycopodioides is often dominant and may be associated with any of 
the following: 

Zannichellia paluatria. H. cuapidatum, 

Potamogeton perfoliaiua, H. revolvens. 

Hypnum aduncurn, especially vars. paternum, H, intennedium. 

wheldoni and aquaticum. U, acorpioides, 

H, wilaoni and var. hamatum. H, giganteum, 

H. elodea, Arnblyategium filicmum var. whiteheadii. 

Some of the pools are permanent and contain little besides Algae, species 
of Chara being dominant. 
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ON THE ECOLOGY OF THE VEGETATION 
OF BRECKLAND 

By E. PICKWORTH FARROW 

VI. CHARACTERISTIC BARE AREAS AND SAND HUMMOCKS 

{With Flaks 111— VI) 

Characteristic areas bare of vegetation and curious loose pellets of turf 
occur on some of the grass heath areas of Breckland and also in the degenera- 
ting Calluna zones. The origin of these was very mysterious and puzzling for 
a long time. The bare areas are of very variable size, some being very small 
while others are much larger. The exposed sand of these bare areas is often 
dark in colour and the bare areas are usually at a slightly lower level than the 
surrounding areas. 

It was at one time thought that the bareness of some of these areas might 
possibly be due to acid surface drainage soaking into them and killing the 
associated vegetation. But though this hypothesis appeared to explain the 
observed facts fairly well in the case of some of the bare patches, yet there 
were others which it did not explain at all well. Some of these were areas 
generally bare but possessing characteristic isolated convex patches of 
vegetation (see Photo 1, Plate III). 

The Effects of Sand Blasts 

Eventually however an area was discovered, bare generally, but possessing 
isolated areas of vegetation which were raised considerably above the general 
level of the bare area and the upper edges of which were undercut — roots being 
exposed — strongly suggesting the existence of a surface sand blast (see 
Photo 2, Plate IID. 

This particular area was therefore carefully examined during wind and the 
hypothetical surface sand blast was found to have a very real existence. The 
sand blast was especially apparent under a lens and when magnified the 
moving sand grains could occasionally be seen to tear a sand grain away from 
the isolated raised sandy masses. 

In the advanced stages of these bare areas many flints are typically exposed 
on the surface owing to the sand which was once intermingled with them 
having been cut away and removed by the wind and by the sand blast of 
grains already moving. 
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VoL. VI, Plate 111 



I’liolo I. Small laki*; sandn’ arla on" Cavln’iiam M ila i ii, a.ssocia i ld wlfii convlx rui 'is 
Ol \'L( ;f l A'i K )N. 1 li(' origin oi these l)ar(‘ areas was loii^ iinsterions (see j)aL;(' 144). It was 
e\ eiiliiall\' disroxried llial lliry are ( aiisecl l)y sand blasts, aided" ])robal)]y b)’ I'aldjits s( ratchin.4 
and l()0sc'iiin;4 tli(' surface sand" in tlie lirst insiancHL Note tlie lar^e (|nantit)- of ral.)bil duiv^. 



I’holo 2. M LSIIKOoM-SHALLO CUiMM.A ^SAN'D-RLAS'lKI > ULMiMOCK) ON CA\iLNllAM I I LA 111 . 

I he sand blast lias sti'oni^l)' iind('r('ut the edi^v of this Iminniock, ('.\|)osin;_; roots and |)rodurin^ 
a inushroom-shajied striK tiirtc d’liese lunniiiocks rise jelativeh' to tlie surface* of the soil laryel)' 
by tlie wholesale cutting awa) aiul lowering of the latter. Note the lar^^e nunibei- of hints and 
Iraj^inents of CiilliiJia roots and steins e\])osed on the siirfice of the soil. Eventuall)^ the* cu]K)la 
is completely severed and the loose [lellets thus formed are often blown considerable distances. 
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Formation of hummocks or cupolas and of loose pellets 

In the first stages when the sand blast on the surface is slight the vegetation 
of small isolated areas is often able to cope with it more or less and these form 
slightly convex raised areas which gradually become more and more convex 
owing to the" deposition of sand from the general surface upon them (see 
Photo 1, Plate III). In this stage some of these convex raised areas resemble 
the cupolas of forts and possibly they tend to take on this characteristic and 
particular form owing to the bombardment to which they are subjected by the 
rapidly miiving sand grains. 

As the areas of sand blast around these cupolas become still more active 
the cupolas become more and more raised in section, the shoots of the plants 
rising up through the deposited material until the kinetic energy of the moving 
particles in association with the critical angle of ^he material prevents the 
sectional curves from becoming any more convex, the new moving material 
slipping down the sides of the cupolas and tending to remove some of the 
already deposited material. 

After this the continued sand blast continues to cut away and lower the 
general surface of the substratum and leaves the now very convex cupolas, 
which were formerly closed on the general surface, standing on short columns 
of sand above the general surface of the substratum, chiefly owing to the roots 
beneath the cupolas tending to hold the sand grains together for a time and to 
prevent them from being cut away by the surface sand blast^. 

It will be seen that these particular vegetated sand cupolas of Brcckland 
rise relatively to the surface of the substratum in a somewhat different manner 
from many sand hummocks, for the cupolas arise at first from the surface 
owing to sand being transported from the general surface immediately around 
and deposited on them among the plant shoots, so that while the general surface 
sinks the hummocks rise. Later on this process becomes much more pronounced 
as the general surface layers of the underlying substratum are cut away whole- 
sale by the sand blast, leaving the hummocks standing relatively much higher 
than the new surface of the substratum on short columns of sand. Thus the 
Breckland sand cupolas rise relatively to the surface of the substratum largely 
by the wholesale cutting away of the substratum in aiddition to the de]>osition 
of sand on the tops of the cupolas themselves. 

The Breckland sand cupolas may be compared with ordinary sand 
hummock plants at Blakeney on stable shingle banks on the landward side of 
the main dune ridges. Sand is carried by wund from these dunes and from the 
foreshore and is deposited amongst these plants, and thus the hummocks 
arise. But the Blakeney sand hummocks do not rise relatiA^ely to the general 

^ The extent to which typical sand cupolas of Breckland have become better developed during 
an interval of one year can be seen by a comparison of Photos 3 and 4, Plato XVIII, This Journal, 
a, Dec. 1915. 
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level of the substratum through wholesale cutting away of the latter as 
happens in the case of the Breckland sand hummocks. 

Though the roots below sand cupolas hold the immediately underlying sand 
together for some time after the general'surface of the surrounding sand has 
been cut away and lowered by the sand blast,. yet when the general surround- 
ing surface is sufficiently lowered, the surface sand blast eventuall)’’ undercuts 
the edges of the cupolas beneath many of the roots (see Photo 2, Plate III) 
and this undercutting often proceeds until the upper portions of the cupolas 
and the roots underneath them are completely cut off by the surface sand 
blast from the substratum, and these cut-off cupolas with roots are oJten blown 
by the wind to considerable distances. This is the origin of those curious and 
characteristic loose pellets of turf which occur in various places and which 
had previously been so mysterious and puzzling. 

Ketrogbession op the vegetation on cupolas 

The structural changes in the formation and undercutting of the cupolas 
are reflected in changes in their vegetation. 

One of the most important changes in the vegetation of the cupolas as they 
become more convex and rise relatively to the substratum is the following: 
Agroslis vulgaris, which was previously co-dominant with Festuca ovina before 
the cupolas began to rise, gradually loses its co-dommance and Festuca ovina 
becomes the sole dominant. This change in the vegetation of a rising cupola is 
of considera/ble interest in view of the fact that when the ordinary grass heath 
was experimentally irrigated the reverse change took place, Festuca ovina 
losing its co-dominance and Agrostis vulgaris becoming the sole dominant^. 
The result of the irrigation experiment may rather tend to suggest that this 
change in the vegetation as a cupola rises, Agrostis vulgaris losing its co- 
dominance and Festuca ovina becoming the sole dominant, is very likely 
largely due to the hummock becoming gradually drier as it rises and becomes 
undercut by the sand blast, since the change in the vegetation is the reverse of 
that which occurs in the vegetation when the ordinary grass-heath is experi- 
mentally irrigated. 

As the small hummocks gradually become taller and undercut from the 
substratum owing to the sand blast across the surface of this underlying 
stratum, various mosses (principally Campylopus jlexuosus and Ceratadon 
purpureus) become dominant on the central portion of the upper surface of 
the hummocks, and later on, when the hummocks are just about severed from 
the substratum, various lichens (principally Cladonia coccifera, Cl. cervicornis. 
Cl. uncialis and Cetraria aculeata) usually become established on the tops 
of the hummocks, a ring of just living Festuca ovina frequently remaining 
round the edge of the cupolas, so that the same cupola frequently exhibits 
zoned vegetation corresponding to the last three stages of this retrogressive 
^ Part rV, "Experiments relating to the Available Water Supply.” This Journal, 6, p. 109., 






E, PiCKWOttTH Fareow 1 47 

succession on its surface (see Photo 3, Plate IV), the various zones gradually 
expanding outwards as the cupola becomes gradually drier. 

It will be seen that the stages of this succession are as follows: 

1. Agrostis vulgaris and Festuca ovina co-dominant. 

2. Festuca ovina, sole dominant. 

3. Moss stage [Campylopus Jlexuosus, Ceratadon purpureus, etc.). 

4. Lichen stage {Cladonia coccifera, Cl. cervicornis, Cl. uncialis and 
Cetraria aculeata). 

This is a true retrogressive succession — probably chiefly in relation to 
water supply — and it is a very good case, as it is comparatively rare to have a 
true retrogressive succession passing through four stages. 

Sometimes these nearly severed hummocks topple over on one side before 
being blown away by the wind, and when this happens any ring of living 
Festuca ovina around the edge of the cupola comes into contact with the sandy 
substratum and, since the hummock usually falls on the lee side, Festuca often 
roots and grows in the underlying sand. Wind blown sand is frequently 
deposited amongst this newly rooted Festuca on the sheltered side of a toppled 
over hummock, producing a miniature Festuca ovina dune on the leeward side 
(cf. the deposition of sand on the leeward side of developing sand-dunes). 
Soon however the fallen over hummock is usually either blown away or 
gradually disintegrated in situ by the sand blast and the newly rooted Festuca 
on the surface of the substratum is then exposed to the full force of the sand 
blast which quickly kills it. 

Relics of CalluiXa in cupolas 

In the case of fairly large cupolas, the sand blast usually cuts away and 
disintegrates much of the cupola itself before finally undercutting the remains 
(this is well illustrated in Photos 4 and 5). In the case of the formerly larger 
cupola seen in Photo 4 the disintegrating and tearing effect of the sand blast 
on the cupola itself before it finally undercuts the remains can be well seen on 
the right hand side of the cupola where the vegetation is being gradually 
destroyed and much loose sand is exposed. The sand blast has already cut 
away a considerable portion of this cupola and has exposed the root of a 
degenerated Calluna plant which still remains fixed in the substratum in its 
vertical position at some little distance from the remains of the disintegrating 
cupola. This plant was once contained inside the formerly larger grass heath 
(degenerated Calluna heath) cupola before the sand around it had been torn 
away by the sand blast. 

Sometimes many portions of the roots of the Calluna plants which once 
occupied these particular grass heath areas, before the original Calluna heath 
degenerated to grass heath through rabbit attack, can be seen remaining fixed 
in situ in the lower portions of isolated grass heath cupolas. In such cases 
owing to the presence of the numerous tough Calluna roots below the cupolas 
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the sand blast cannot undercut the cupolas so readily as it usually can and 
often begins to disintegrate the upper portions of the cupolas before finally 
disintegrating or undercutting the remains. 

Lakgbk hummocks and secondary hummocks 

Probably owing to local variations in intensity of sand blast and to other 
local conditions, considerably larger and taller hummocks are sometimes 
formed. The vegetation on the upper surfaces of these larger hummocks also 
passes through the retrogressive succession which has already been described, 
and eventually when the upper surfaces of these taller hummocks are very dry 
and rather bare of vegetation the surface layers usually become gradually torn 
away by the wind and sand blast. This process of the gradual disintegration 
of the dry upper surfaces of the taller variety of hummocks also frequently 
exposes fragments of Calluna roots, which are all that remain of the former 
Calluna heath that previously occupied these isolated remnants of the higher 
grass heath surface. 

It has already been mentioned that as the smaller varieties of hummocks 
gradually become undercut the. Fesluca ovinu on the tops of the hummocks 
gradually dies and becoiiies replaced by various mosses (Campylopun Jlexuosus, 
Ceraladon purpureus, etc.) and eventually largely by lichens (Cladonia cocci, fera. 
Cl. cervicornis, Cl. uncialis and Ceiraria aculeala, etc.). Sometimes in these 
cases, when the upper surfaces of the primary hummocks arc very dry 
owing to the hummocks being badly undenmt by the sand blast across the 
surface of the substratum, these dry upper surfaces also become sand blasted 
so that bare sand becomes exposed, and small secondary moss and lichen 
hummocks filled with sand may form on the upper surfaces of the primary 
hummocks (see Photo 5, Plate V). Sometimes these smaller secondary mo.ss 
and lichen hummocks on the dry upper surfaces of badly undercut primary 
hummocks also have their edges undercut by the sand blast across the upper 
surfaces. (See Photo 5.) 

Recolonisation 

Sometimes, probably owing to unexplained variations in the local con- 
ditions, the sand blast across a sand blasted area ceases, and when this 
happens the cupolas on that area remain fixed and dormant and the inter- 
vening bare areas become recolonised. The chief agents in this colonisation 
of bare sand blasted areas are: Polytrichum piliferum, Campylopus jlexuosus, 
Cladonia coccifera, Cl. cervicornis, Cl. uncialis and Cetraria aculeata. 

Breaking oe recolonised surface 

Often the surface layers of these formerly sand blasted areas which have 
become colonised by mosses. and lichens break up into small pieces and these 
small pieces are blown away by the wind, thus exposing a fresh surface which 



JOURNAL OF ECOLOGY 


VoL. VI, Plate V 



riloto 5. rNI)i:K(. Ur (ikASS lIKAIfl hummocks I*.KAR1N(] SI'X/ONHAin' MOSS ANJ) LICllKN 
IIIIMMOCKS o\ Tiii'.ik SANi)-k.kASTl':h in>l>Kk sCkFACES. As a result of the desiecatioii of a 
priiuary huiiiiiioi k 1)\' tlie im(l(‘r(-iil(in;x of iis echoes, the ii|)j)er surface itself often Ijeeoines sand 
blasted and small seeoiidary moss and lichen hummocks may then arise on this. On tlu' left- 
liand primaiA’ hummock the secondary hummocks are also si.Hm to l.)e undercut. (See p, i4cS.) 



Photo 6 . Anci KN r sANh-i:i.AS'i'Ki) Aki;A (oi.omskd i:v ( ’. v.c/v a ( and si 1:- 

SKQUKN'i’kY DkOKKN INTO SMAIU. I’llocKs. W’lien the sand blast across an area cc'ases the aiasi 
IxT'omes ('olonised by various mosses and lic hens and is often afterwards Inoken up into small 
pieces (see p. 148). Severn old, now dormant, cupolas arc seen in the ])hotokraj)h. 
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may again become colonised. A good example of a formerly sand blasted bare 
area on which the sand blast has become dormant and the surface of which has 
become colonised by Cam/pylopiis flexuos^is and which has subsequently become 
broken up into small pieces is seen in Photo 6 (Plate V). Seven ancient 
formerly sand blasted (now fixed) cupolas are seen in this photograph. 

Before their origin and history were discovered, these particular local 
broken up mossy areas — so different from the surrounding vegetation — were 
very mysterious phenomena. 

Causes of surface crackino and formation of surface scales 

This process of breaking up of the upper strata and scale formation on colonised surfaces 
is very widespread and of considerable interest. It occurs at Blakeney. The causes of it 
are not definitely known, but it usually occurs in the surface layers where* there are many 
fibres of the colonising plants and the presence of these fibres would tend to enable the 
surface layers to withstand tensile stresses in addition to being able to withstand com- 
pression stresses, while the lower layers devoid of fibres would chiefly be able to withstand 
compression stressi^s alone (cf. reinforced and ordinary concrete). It appears probable that 
this breaking ofT of the surface layer from the lower layers has to do with its different capacity 
for withstanding timsile stresses. This view may be explained as follows: 

When the surface soil wlucjh previously occupied a (i(*.rtam volume contracts to a smaller 
volume owing to drying it frequently cracks along lines of weakness where the total tensile 
stress is greater than the* tensile^ strength of the material. When this happei\s the upper 
strata of the soil break up into blocks separated by irregular fissures on the surface but 
remaining connected l)elow. This is a common plumomenon in dry weather in clay soils and 
in other soils which — owing to the possession of a certain number of root fibres or other 
causes — can withstand a certain amount of tensile stresses without breaking down into 
small fragments. This phenomenon is often a nuisance in agriculture, because mustard 
(Brassica nigra, B. alba), charlock {B. arvemis), and other oily seeds, fall down the fissures, 
and do not g(nminate in autumn in time to be killed by autumn cultivation, but remain 
dormant sometimes for many years, and then germinate and grow luxuriantly as weeds 
when the land is deeply ploughed. 

With regard to the formation of loovse surface scales on colonised surfaces after some of 
the Ibwer strata have broken up into A^ertical blocks, or even in some cases while the lower 
strata remain longitudinally connected (as in the case of the lower sandy soil in Photo G, 
which cannot withstand tensile stresses without breaking down into minute fragments), the 
upper surface stratum of the soil contains many fibres of the colonising plants running in 
various directions. These fibres would enable this surface stratum to withstand a certain 
amount of internal tensile stress and to contract and expand as a unit within certain limits. 
The upper layers of this surface stratum are dried by sun and wind and contract more rapidly 
and before the lower layers. Owing however to the existence of the fibres of the colonising 
plants running in all directions between these limits the lowest layers of the surface stratum 
are forced to contract by the tensile stresses at the average rate of contraction of the unit, 
i.e. at the normal rate of contraction of a layer considerably above them. 

The upper layer of the substratum, however, which lies immediately below the lower 
layers of the surface fibre-containing stratum, does not contain many fibres itself and 
so it can contract at the normal rate of contraction of a layer at its level. Since however 
the lower layers of the surface stratum lying immediately above it are forced by the 
possession of fibres and greater average contraction of the surface stratum to contract at 
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the average rate of contraction of the upper surface stratum, ie. much more rapidly than 
^e uppa: layer of the substratum, a considerable transverse or shearing stress is produced 
between these two layers, and, since there are relatively few fibres connecting them, the 
lowest layer of the surface stratum may be sheared off from the substratum and thus produce 
loose surface scales. This is the probable explanation of the common phenomenon of the 
production of loose surface scales on various soOs in dry weather. 

Later cm the upper layers of the loose surface stratum may become considerably drier 
and tend to contract far more than the lower layers of this loose stratum, with the result 
that the tensile stresses along the upper zone of the surface stratum become considerably 
greater than the tensile stresses along the lower zone. When this difference in the longi- 
tudinal stresses becomes sufficiently great the loose surface scale may eventually curl 
upwards especially at its edges. This phenomenon of the curling up of the loose surface 
scales is very common in various places — ^for instance on some of the mud flats at Blakeney 
— especially on those which are only occasionally covered by the tides. 

Bare areas between rabbit-eaten Callvna bushes 

In addition to the characteristic bare areas which occur on the grass heaths 
and the origin of which was puzzling but has now been explained, bare areas 
sometimes occur between rabbit-eaten Calluna bushes (see Photo 7). The 
origin of these other bare areas had also been mysterious and various abortive 
hypotheses had been invented to account for them, but when it was discovered 
that the bare areas on the grass heaths were due to sand blasts, it was thought 
that the bare areas which sometimes occur between rabbit-eaten Calluna 
bushes might also be due to sand blasts. If this were so, small cupolas like 
those found on the bare areas on the grass heaths might also be expected to 
occur on the bare areas between rabbit-eaten Calluna bushes, and in certain 
places small cupolas were found (see Photo 7) although they had not been seen 
before a special search was ma<le. The discovery of these characteristic cupolas 
on the bare areas between Calluna bushes indicated that the bareness in these 
instances was also due to a sand blast, and on examination during wind the 
existence of a sand blast was demonstrated. The cupolas are not common 
on the bare places between Calluna bushes — apparently because the sand 
blasting action has usually gone so far that all the cupolas have been cut off 
from the surface and blown away. 

The past history of these particular areas (such as that seen in Photo 7) is 
probably as follows. These areas were once typical Calluna heath but the 
Calluna gradually degenerated through rabbit attack in the way that has been 
described and grass heath came to occupy the spaces between the Calluna 
bushes. As the bushes became more and more eaten down by the rabbits, the 
wind would eventually reach the surface of the intervening spaces and start 
the sand blast, probably in the first instance with the help of rabbits scratching 
the surface sand and loosening some of it. From a mathematical point of view 
it is difficult to see how wind alone could raise a sand grain into the air. 
A loose grain could however be driven up and along a surface by the wind, and 
on hitting against stationary grains would not only start them moving but 
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I’liolo 7 - AKKAS i;i;r\VKiG\ KAi;i:ri-(;KAZl':i) Calli xa hummocks. 'Die bareness of ilie 

Tirouiul between llu' bninniot ks is here nlso due to s:uul blast. Small ^sisiss heath cniK>las like 
those (iLtiiiaal in l’)al(' III are s(‘en in ll)(‘ forei^ round, ddu* \vlio](‘ l)are area Ijeh^'een lh(' 
Cdllirihi luninnoeks was |)robal)ly once t()\ei’ed with L;rass heath arisinL; from Calluna heath 
throip^h rabbit attark. (See p. 150.) 



I’hoto 8. SaND-I’.LAS I'Kl) ARKA ON WES'I' N EW'I'ON 1 IKA I’ll, NoR TH-Wks 1' NoRl eU.K. 'khree 
('l()s('ly rabl.)it-prazed hummocks of Ivrica tcfralix^ filled with wind-blown sand, are seen in the 
middle of the bare area, Ily attackiiyi; the Iirica on the e(l;^e of the bare area the rabbits 
])robably lead to the extension of the area. (See p. 152.) 
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might itself shoot up at an angle. When the wind starts a sand grain moving 
this hits against other sand grains on the surface and starts these moving, and 
these in their turn start other grains moving and so on. Thus when once the 
sand blast has started its area tends to spread indefinitely. 

The sand blasts which have become started amongst these eaten down 
Calluna hummocks have thus become wider and wider and have cut away 
most of the grass heath surface which had previously come to occupy the 
spaces between the eaten down bushes until nothing is left of it except isolated 
cupolas and hummocks (Photo 7, Plate VI). It would probably never have 
been suspected that grass heath had ever occupied the now bare intervening 
spaces between these rabbit-eaten Calluna. bushes if it were not for these 
traces of the previous grass heath surface whiph are left behind in some cases 
althoxigh they have usually all been cut off by the sand blast and blown away 
by the wind. 

Some of the sand which is carried away from the surfaces of the intervening 
spaces is deposited inside the neighbouring Calluna bushes, which are often 
full of sand. The rabbits usually eventually nibble the stems of the Calluna 
bushes down close to the level of the contained sand, producing very smooth 
rounded hummocks such as those seen in Photo 7, Plate VI. The smoothness 
of the surfaces of these hummocks is chiefly due to eating down of the Calluna 
stems by the rabbits nearly to the level of the contained sand and is not due 
to the sand blast as such, for the hummocks are practically as smooth on the 
side exposed to the prevailing wind and .sand blast as on the sheltered side. 

Sometimes in the case of very small Calluna hummocks which have been 
eaten down very closely by the rabbits all the contained sand is eventually 
swept out by the wind, exposing the bare Calluna .stems. 

Surface sand blasts and their resulting effects on the associated vegetation 
are of fairly widespread occurrence in Breckland. Probably as Carex and 
Pteris spread over the areas these plants will largely prevent sand blasts by 
binding the sand together and sheltering it from wind; but Carex arenaria 
apparently cannot prevent sand blasts in all cases, for sometimes its rhizomes 
are laid bare by them. 

Sand blasted areas on West Newton Heath 

Fairly large sand blasted areas also occur on some of the north-west 
Norfolk heaths. Such an area on West Newton Heath near Sandringham is 
shown in Photo 8, Plate VI. This heath is largely an Erica tetralix heath and 
is much damper than most of the Breckland heaths; but probably for the 
existence of a sand blast it is only necessary that the sand grains lying 
immediately on the surface should be temporarily desiccated. The three 
smooth and rounded Erica tetralix hummocks, filled with wind blown sand 
from the surrounding sand blasted area and closely eaten down by rabbits, on 
the bare area in Photo 8 strongly resemble the smooth and rounded rabbit- 
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grazed Calluna hummocks of Breckland, filled with wind blown sand, such as 
those seen in Photo 7. The curious small tufts of taller flowering Erica stems 
on the left hand side of the otherwise smooth rabbit-grazed central Erica 
tetralix hummock seen in Photo 8 are probably caused by the rabbits preferring 
to continue to eat the young terminal growing portions of the already severely 
eaten down Erica shoots rather than the older and tougher portions of taller 
shoots which have, so to speak, got out of control. The Erica tetralix plants 
around the edge of the sand blasted area in the foreground and on the right 
hand side of Photo 8 are closely eaten down by the rabbits and filled with wind 
blown sand, whilst the Erica further away from the bare area is not closely 
eaten down. Probably the rabbits can reach the Erica on the edge of the 
bared area more readily than the Erica which is further away from the edge. 
If this be the case it reminds one of the greater degeneration of Calluna- heath 
from rabbit attack along trackways than elsewhere^ Probably the rabbits 
by eating the Erica on the edge tend to help or enable the sand blasted bared 
area to increase in size, even if they did not originate it. 

An extensive area of Erica tetralix on West Newton Heath can be seen in 
Photo 8. It has already been mentioned that although there are far fewer 
rabbits on this heath than on most of the Breckland heaths yet ow'ing to the 
fact that much of the vegetation now-a-days consists of the unpalatable Erica 
tetralix the actual rabbit pressure on the vegetation is far greater than that 
on most of the Breckland heaths, and any more attractive associates of these 
unpalatable plants would quickly be exterminated by the rabbits. Thus the 
extensive distribution and the purity of the unattractive Erica tetralix associa- 
tion on West Newton Heath are probably largely due to the cumulative effect 
of the rabbit pressure in killing off any more attractive competitors of these 
unpalatable plants more and more rapidlv as they became rare until they were 
eventually exterminated 2 . 

In addition to occurring in Breckland and on the north-west Norfolk 
heaths bare areas resulting from sand blasts occur on some of the Surrey 
heaths near Blackheath and on various other sandy English heaths. 

* See Part II. This Journal 4 , j). 04. 2 See Part III. This Journal, 6, p. 18. 
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Quppy^ H. B. ‘‘ Plants, Seeds, and Currents in the West Indies and Azores/’ 
Pp. viii and 531, with 3 maps and a frontispiece. London, Williams & 
Norgate, 1917. net. 

Mr Guppy’s latest work consists of a series of special studies undertaken by him since 
1900 in further elucidation of the problems of the oceanic dispersal of plants which have 
occupied Jiis attention for so many years The larger part of the present work is occupied 
with a study of West Indian plant drift, in the first place an analysis of the drift itself, an 
account of West Indian drift recorded from European shores, and a discussion of the 
Atlantic currents as elucidated by the tracks of floating bottles. The main conclusion in 
re^gard to Atlantic drift is that a complete circuit is possible; from the West Indies to the 
west Euroj)ean (joasts in the Gulf Stream, then southward in the Canary Current to the 
neighbourhood of the Cape Verde Islands, and thence westward across the Atlantic to the 
Antilles by the North Equatorial Current. But in spite of this circulation and the consequent 
theoretical possibility of inten^harige of littoral plants between tht^ Old World and the New, 
the effective? distribution of plants by floating seeds from the New World to the Old is almost 
if not quite negligible, because tlie Gulf Stream impinges on shores whei'e tropical seeds 
cannot establish tlumiselves, and but little belated drift can find its way southward to the 
tropical West African Coast. On the other hand a large amount of drift must pass from 
th(j wf?st coast of Africa to the north coast of South Anua’ica and the West Indies in the 
South (or Main) Equatorial Current, and it is in this way that the similarity of the West 
Indian and W(*st African littoral floras is to be explained. Nearly 90 per (?f‘nt. of the littoral, 
estuarine?, and riverside plants common to th(‘ Old and the New Worlds could be transported 
by the Equatorial Currents, as is shown by the capacity of the ’seed or fruit to float and 
remain viable for two to thrf‘e months in sea water. On the other hand only 24 per cent, of a 
somtwhat rc'stricted list of those confined to the New World liave seeds or fruits which will 
j)ass this test. If the list were (‘xtended, tlie proportion possessing floating seeds or fruit 
would no doubt })e markedly diminished. In certain individual cases the evidence of 
distribution is difficult to harmonis<^ with the suitability of the seeds or fruits for ocean 
traverse and the pow(T of the currents to disperse them, but the great bulk of the evidence 
is quite d(?(!isive in favour of Mr Guppy’s conclusions. 

In regard to the question of tlu? “adaptation” of floating mechanisms of seeds or fruits 
to the dispersal of littoral plants Mr Guppy is in general agrc?enient with 8(;himper’s conclu- 
sions, viz. that the plants take advantage of having seeds w'hich have? become buoyant from 
other causes — “Buoyancy, whetlier of seed or fj'uit, is quite accidental as far as adaptation 
to dispt?rsal is conc^enuMl. It is just as likely to be developed in inland plants, especially 
where dry conditions prevail; and it is shown that in such cases, where the plants are 
xerophytes, they tend to gather at the coast. But it is only tin? littoral station that deter- 
mines its utility for dispersal, since it brings the plant with buoyant seeds or fruits within 
the influence of the currents” (p. 229). This subject is dealt with more in detail in the 
author’s previous work, Plant Dif<permL 

Mr Guppy devotes several chapters to a detailed record of tlie drift m(?t with on the 
Turks Islands, a small group of the Bahamas, which he chose to investigate because they 

^ See “Dispersal of Plants as illustrated by the Flora of Keeling Atoll,” Joum. Victoria Inst. 
London, 1889. Plant Dispersal^ London, 1906. “Plant Distribution from an Old Standpoint,” 
Trans, Viet, Inst, 1907. “Distribution of Plants and Animals,” Mitteilungen, 1910 

Studies in Seeds and Fruits, 1912. 



154 


Mr Guppy on Plant Dispersal 

furnish a good sample of the West Indian drift on the first sts,ge of its journey in the Gulf 
Stream. Other chapters are devoted to the geology and flora of the Turks Islands. The 
islands are formed of calcareous aeolian sandstone and blown sand and present an intensely 
xerophytic habitat. The smaller “cays” are mainly stocked with West Indian strand plants, 
the larger islands possessing in addition a sparse scrub of Bahama species. “Not a few 
of the shore plants invade the inland plains, some Of them having almost deserted the 
beach,'* and “the plants of the inland scrub may in their turn intrude on the beach, mingling 
there with the characteristic strand flora. Here the xerophytes of the plain and the xero- 
phytes of the strand experience little difficulty in exchanging their stations, the influences 
that t<md to keep them apart l>eing m,ore concerned with fitness for dispersal by currents 
than with station.’’ “Two thirds of the littoral plants [of the Turks Islands] that are found 
in the Old World could have been directly brought there by the currents. For the shore 
plants confined to the New World, we have usually to appeal to the bird, to the drifting 
log, and to man. In the case of the inland scrub plants birds are probably the chief agents 
of distribution.” 

A chapter is next devoted to “the current connexions of the Southern Ocean ” and here 
is described the steady eastward drift with a slight northerly trend in the latitude of the 
“roaring forties.” From the evidence of drifting bottles and wreckage it is shown that 
Ftiegian drift, for instance, would be largely intercepted by Australia, Tasmania and the 
northern part of New Zealand : drift from the southern extremity of New Zealand would 
be stranded on the shores of southern Chile; and only drift from the southernmost of the 
Antarctic Islands would be likely to clear the Horn. The complete circuit of the globe in 
these latitudes would take rather more than three years. On the other hand drift from 
tropical north-west Australia and from Malaya would cross the Indian Ocean to tropical 
East Africa, and from south-east Australia drift would go to New Zealand ; but no Australian 
drift could cross the Pacific to America on account of the westerly set of the currents between 
the North Cape and Fiji. Pacific American equatorial drift would reach north-west Australia 
through the South Equatorial Current. South African drift might reach South Australia. 
Broadly, southern drift travels west in tropical latitudes and east in temperate latitudes. 
While in the Indian and Atlantic Oceans the littoral and estuarine floras of the opposite 
aides are closely similar, the distribution has been retarded in the Pacific by the great width 
of that ocean and the paucity of suitable stopping places in the form of islands that would 
support a mangrove flora. These conclusions are in agreement with Hedley’s results based 
on the general faunistic and floristic relations of Australasia and South America. 

A very interesting chapter on the influence of the divergence of the continents on the 
distribution of Sphugnum and Carex brings out the striking increase of endemism in both 
these genera as we pass from the great land masses of the northern hemisphere into South 
America, Africa, and southern Asia and Australia respectively, supporting the author’s 
general view of southward migration, with consequent geographical and taxonomic diver- 
gence, of the great plant stocks. 

The three chapters on the Azores which conclude the book contain an excellent account 
of the flora and vegetation of this group of islands and their relationships with other regions. 
The author calls attention to the strong probability that of the existing flora less than 
200 species out of the 560 flowering plants recorded by Trelease are really indigenous, and to 
the confusion resulting from Watson’s ignoring this state of things. Mr Guppy describes in 
detail the zonation of the vegetation on the great volcanic cone of Pico (7613 feet). The 
zones he recognizes correspond fairly closely with those described by the older investigators 
of the Azorean flora, Hochstetter, Seubert and Morelet. Two zones are made of the laurel 
woods, perhaps the most characteristic feature of all the Macaronesian Islands. Mr Guppy’s 
arrangement is summarised in the annexed table. 
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The upland moors, which are now used as pasturage for cattle, have been very largely 
extended by the disforestation of the slopes of the mountain. Mr Guppy shows that the woods 
were originally much loftier than at present, when trees over 30 feet high are rare. Eruptions 
and utilisation of wood in earlier times for building were the causes of great destruction of 
the forests, while the continued demand for firewood has resulted in the trees rarely being 
allowed to attain any considerable age or height. That the Juniper ( “ cedro ” of the islanders) 
once attained considerable dimensions is proved by various evidence. 

Comparing this zonation with that seen in Madeira and the Canaries, we find the laurel 
wood zone, which extends to sea level in the Azores, shifted upwards in these islands in 
correspondence with the more southern latitude. The lowest 2000 or 2500 feet at Teneriffe is 
the “African ” zone with cactoid Euphorbias, shrubby Compositae such as Kleinia neriifoUay 
and fleshy Crassulacese, as well as PhcBnix canariensis and Dracmna Draco. Above the laurel 
belt we enter, at about 5(X)0 feet, the Pine belt (P. canariensis) and this was also the zone of 
J uniperns oxycetlruBy now almost exterminated. At about 6500 feet the pine belt gives 
place to the zone of the leguminous shrub AdenocarpuB mscosus, extending to about 7000 feet, 
and above this again the “retama” zone of Spartocytisus nuhigensis. In Madeira the African 
zone occupies the lowest 700 feet or so, and contains the J3ragon tree. Euphorbia piscaforia, 
species of Sernperinvumy etc. Laurel woods originally (ilothed the slopes from this level up 
to between 5000 and 6000 feet. The Juniper probably flourished in this at levels above 
3000 feet. Indigenous pines are absent. 

With regard to the stocking of the Macaronesian Islands, in the case of the Canaries, 
and to a less extent of Madeira, there were early invasions of African, Asian and later of 
American elements. Most of the peculiar Canarian genera appear to be (;onnected with 
tht^se early African and Asiatic invasions, by which the Azores were littlc‘ affected Later 
came an influx of the Mediterranean genera which now give character to the laurel woods 
of all three of the Macaronesian groups. These plants or their congeners, as Hooker pointed 
out, are abundant in the Tertiary strata of many parts of Europe — in the case of Laiirus 
canariensis the same species. Othei* plants of the laurel woods still exist in Europe and 
the Atlas, and the influx of these, as well as of the plants of the upland moors of Pico is 
presumably still in progress. 

The main means of transport, Mr Guppy concludes, have been birds — the wind being 
incapable, in the author’s view, based on Mr Lloyd Praeger’s experiments on the rate of 
fall of seeds, of transporting even the smallest seeds, as distinct from the spores of crypto- 
gams, for long distances over the ocean. The woods of the Azores have been mainly stocked 
by frugivorous birds such as pigeons, and the link with Europe has been broken or is break- 
ing, thus leading to the differentiation of new species or varieties both of the pigeons and 
of the plant/S they carried. The uplands on the other hand are mainly occupied by plants 
with small seeds which would probal)Iy be transported in the mud adhering to birds’ feet 
or sticking to their plumage. In the case of the moor plants, and even more markedly in 
the case of the freshwater aquatics and sub-aquatics, this kind of transport is probably 
still going on and the species are identical with European ones. The coast flora, which is 
scanty owing to the rocky nature of most of the coast, has not Ix^en mainly brought by 
current drift as in the tropics. With the exception of those of Crithmurn maritimum and 
Ipomoea carnosa all the seeds or fruits sink at once or very shortly. Drifting logs, and gulls 
or other seabirds, are appealed to as being the most likely means of arrival of the coast flora. 
Here again of course the connexion with the outside world is still maintained, practically 
all the species being common north temperate coast plants. 

The whole of Mr Guppy’s work, of which we have only attempted to notice some chapters 
of most interest to the ecologist, is packed with first-hand observations and will be indis- 
pensable to all students of plant distribution and dispersal. A. G. T. 
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Oibbs, L. S. “A contribution to the Phytogeography and Flora of the Arfak 
Mountains, etc.” (Dutch N.W. New Guinea.) London, Taylor & Francis, 
1917. Price 12s. U. 

Miss Gibbs prefaces her systematic account of the plants she, collected in the Arfak 
Mountains, situated 40 or 50 miles from the east coast of the great N.W. Papuan peninsula, 
with a useful description of the vegetation met with during her journey from the coast. 

(1) Beach formation of the immediate, shore line. With the exception of a few mangrove 
swamps and sand spits at the mouths of rivers the beach is mostly narrow, very steep and 
formed of large lumps of coral. ‘‘Huge trees of BarringUmia speciosa lie prostrate or semi- 
prostrate over the sea. Young plants of Pandanus sp., Dracana anguMifolia, an immense 
Crinum, probably C. ma>cr anther with giant stools of Asphnimn nidus, no doubt displaced 
from the branches of the trees as they fell, crowd the ground — myriad prostrate Barringtonia 
seedlings attached by the one anchor root, all pointing seawards, btNir witness to the force 
of the great waves retreating from their rush inland.” “Tn many places the undergrowth 
is so thick or the prostrate trunks so numerous that it is easiest to walk through the surf, 
outside the branches of the fringing trees.” 

(2) Jmivdation forest belt : "'korany'' or coral lint est one zone. “Behind the beach the 
low-lying belt of ‘korang,’ covered with forest, stretches uniformly from the coast to the 
foothills of the Arfak” (40 to 50 miles). This is “a sterile porous formation showing so littl(‘ 
depth of soil that it gives the impression of walking over a leef.” In 1870 Rosenberg con- 
cluded that this area is still rising and he quotes the older inhal>itant8 as saying that they 
remembered low scrub where forest now stands. The rivers cut tlnur way through alluvial 
deposits of mud or sand, and form great open spaces— inundation areas — sand and stones 
in the dry, lakes in the wet season. The entire belt is uninhabited. In tin* forest itself 
species of Ficus, Macaranga and A rlocarpus predominab^ their trunks screemid by immense 
fronds of climbing ferns and Epipremnopsis hmgeliana, ruiphidophora peepla, Philodendron 
spp.. Piper forestenii. Pathos, etc. Piles of the huge k'aves of Arlocarpus (J m. by I m.) 
accumulate under the trees to be dispersed l)y the floods of the rainy season. Asplenium 
nidus is abundant, but epiphytic orcliids rare, and the abscnca? of flowers and fruits striking 
There is little undergrowth in the forest, sodden leaves mostly filling up the interspaces in 
the porous korang. The most eons})icuous objects are the huge Zanonia capsules, the size 
of large pumpkins, in all stages of decay. Where there is standing water groups of Sago 
Palms occur, often forming swamps covering large areas. Nati\ e plantations are dotted 
through the forest where islands of soil accumulate or alluvial deposits have l)een formed 
by the rivers.^ A striking group of old Pandanus trees about 30 m. high was met with. 
Similar groups are said by the Papuans to be sciattered through the forest. “These groups 
possibly represent the first vegetative covering of the ‘korang,’ displaced later by more 
rapidly growing dicotyledonous forest trees.” 

(3) Secondary forest of the Arfak foolhilh (up to 7000 feet). This is an inhabited zone 
with numerous kebuns (plantations), the ground is rocky and broken, and the forest is more 
varied than on the korang, both in trees and Hanes, with a graceful epiphytic flora. l^Yw 
species are cited by name. The cultivation consists of sweet potatoes, papaws, plantains, 
gourds, sugar cane, etc. with maize and tobacco as the altitude increases. 

(4) Low mountain forest above 7000 feet. Systematic collection was limited to this 
formation, which is characterised by numerous conifers, l^he author subdivides it as 
follows: 

(a) Mossless Forest. Slender straight trees 13-16 m. high with a very open, chiefly 
herbaceous undergrowth. *Quercus lauterbachii, *Podocarpus papuanus (near P. imbricatus) 

* Endemic species. 



158 Flora of the Arfak Mountains, New Guinea 

P, Tumphii (abundant), Phyllocladus h/t^pophylhis^ Gleichenia linearis , N ephrolepis acuminata^ 
Polybotrya arfakensis, Freycin^ia gihhaecey F, flaviceps, *Alpinia dornatifera^ A. arfakensis 
var. atihseesilis. 

(b) Intermediate mossy forest, Dacrydium novo-gvineense, Libocedrns arfakensis, *Podo- 
carpus papuanus^ P, rumphii^ Phyllocladus hypophylluSy dominant, with a great variety 
of other smaller trees, e.g. Drimys arfakeusis, Spirveanthemum bellatump Boeckia frutescens, 
Backhousia arfakensis y ^Idenhurgia arfakensis y ^Timonius fiUpeSy etc. Sphagnum rujvo- 
guineense^ Rhacopilum spectabilCy ^Dawsonia gigarUeay magnificent and abundant, with 
creeping Lycopodium cernuumy formed part of the prevailing moss carpet, from which rose 
abundant ground orchids including *Crypiostylis arfakensis and Bvlhophyllum muricaium. 
Among the ground ferns were Dipteris con/jugata and Histiopteris hicisUy and of epiphytes 
Trichomanes jHilmatiJidum, Hymenophyllum cincinnatuniy Lindsaya hymenophylloidesy 
^Polypodium remigerumy P, stenophyllumy P, clavifery and the orchids Octarrhena cylindrical 
Dendrobiitm glaucoviride, Phreatia spaihulata, 

(c) Mossy forest, A sterile type limited to the highest point of the ridge. The prostrate 
and erect trunks of the small stunted trees, with the ground between, were swathed in long 
moss, which stood out straight from its supports, rigidly turgid. Here were Schizcea mala- 
canUy Gahnia psittacorumy Halorrluigis suffruiicosay Nepenthes maxima var. nana, Tricho- 
manes digitatumy Hymenophyllum cincinnatumy * Polypodium papuanwn, *7^. remigerum 
(the last four as epiphytes): also *Luzuriaga aspericaulis and ^Rhododendron angiense. 

Those lists from the south-west ridge of the Arfaks give an idea of the vegetation of the 
different forest types. An even better collecting ground was an intermediate mossy forest 
forming a circular patch in the middle of the marsh of the lake basin. Along the edge which 
bounded the marsh was an Ara/ucaria-iovmt with "^Araucaria hecxarii predominant. 
Here Araucaria and Libocedrus seedlings were met with in all stages of growth, with 
gigantea, ferns, orchids, etc. 

The open summit of Koebr6 mountain (9000 feet) between the two Angi lakes forms a 
flat plateau with a hard surface of disintegrated quartz granite. A remarkable association 
of Cladonia (C, verticillatay 0, didymay C, coccifera) spreads over the area as a uniform 
grey carpet about 3 cm, high. In places Pteridium agailinumy var; lanuginosum, or 
Gleichenia vulcanicay and in damper places dense mats of Centrolepis fiovo-guineensis replaced 
the Cladonias. Among the associated plants were several endemic species. Those open 
associations on the tops of mountains are apparently common in Now Guinea, as elsewhere 
in the tropics, and are often at least due to repeated burnings. Miss Gibbs calls attention 
to the fact that what she calls “opportunity” plant associations of the Arfak mountains 
are made up of indigenous or even of endemic plants. This is in striking contrast to similar 
open spaces in other parts of the world, for instance in New Zealand and the Pacific islands, 
where such floras are commonly made up very largely of alien plants. The author considers 
that this difference furnishes evidence of the autochthonous character of the Papuan flora. 
Apart from the question of endemism the indigenours character of these ombrophobous 
“opportunity” associations would seem however to be the natural consequence of New 
Guinea “being a mountainous forest country... sparsely inhabited, with little or no inter- 
communication between the different tribes, and no migratory herds of grazing animals, 
there is everything to conserve and nothing to modify natural conditions.” In such con- 
ditions, whatever the history of the native flora, one would expect the “opportunity” 
associations to be indigenous, just as when the reverse conditions obtain one would expect 
them to be largely alien. 

Miss Gibbs produces much evidence that the Papuan flora may be regarded as a central 
stock from which the Malayan, Polynesian and Australian floras have been largely derived. 

* Endemic species. 
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“The flora of the mountains of New Guinea, almost unknown outside the last ten years, 
must now be considered the axle of a wheel of distribution, of which the spokes alone have 
so far been familiar to us. This is in agreement with all rece nt work at similar or greater 
altitudes. Had that axle, even now barely investigated, been worked out first, we would, 
as a matter of course, speak of Papuan elements in neighbouring floras, as the German and 
Dutch botanists have already rightly suggested.” 

Of 330 plants the author collected in the Arfaks 100 arc new to science, with one new family 
and five very distinct new genera. This still further emphasises the view that Papuan forms 
are the original stocks from which Australian, Polynesian or Malayan species arc derived. 
The proportion of endemism is very high in the Papuan mountains as a whole, which appear 
to contain an immense mass of species that may well have formed the primitive stock from 
which offshoots have struck into Malaya, Polynesia and Australia. 8chlechter’s work on 
the orchids of eastern New Guinea and much other recent work point in the same direction. 
A single case out of many given by Miss Gibbs will sufficiently illustrate what is meant. 
Trimenia weinmmmimfolia Seem, was described in 1852 from Fiji. This dicecious plant 
remained the type of a supposed monotypic Polynesian genus, closely allied to the dicecious 
Pijytocalyx moorei^ ranking as a monotypic Australian genus, till Ridley in 1916 described 
T, papuana from Mount Carstcnsz, 7\ arfakerusis is now described, as well as a new closely 
allied genus Idenburgia with a syncarpous bilocular ovary. The position of Trimenia and 
Piptocalyx in the apocarpous MonimiacesB is thus rendered untenable, and the now family 
Trimoniacea3 has had to be set up to include the three genera, the majority of whose 
known species, shewing the most primitive forms, are thus now Papuan, the two dioecious 
species appearing as derived. 

Unlike Mr Guppy, in the book reviewed on another page. Miss Gibl)s attributes great 
importance to the distribution of seeds by wind over great distances, and cites corroborative 
evidence from the great heights to which sand grains have been found to bo carried. The 
decisive point would seem to be the existence or otherwise of ascending air currents. To 
distribution by winds at high altitudes the author attributes the peophng of the Australian 
arid regions, whore the conditions favour the production of numerous closely allied endemic 
species from Papuan progenitors. A. G. T. 


Carey, A- E. and Oliver, F. W. “Tidal Lands, a study of shore problems.” 
Pp. xiv and 284, with 29 plates and 54 figures in the text. Bla^kie & Son, 
London, Glasgow and Bombay, 1918. Price 12s. 6d. net. 

"‘This work is primarily concerned with those problems which underlie the maintenance 
of coastal and riparian lands, and, as a factor in such control, the extent to which horti- 
culture may be enhsted in the cause of conservation.” It is written by a “maritime en- 
gineer” (to use the apt term suggested by the authors) and a plant ecologist in collaboration, 
and is a pioneer example of the practical use to which the scientific study of ecology can 
bo applied. The fusion between the work of the two authors is not ideally complete, but the 
book gives a thoroughly practical, informative and suggestive account of the existing 
methods, the causes of their frequent failure, and the future possibilities of coast protection, 
and of the maintenance of harbours and waterways. 

Professor Oliver is responsible for rather more than half the book, and his contributions 
include chapters on “The Function of Vegetation,” “Sand Dunes,” “The Fixation and 
Plant Protection of Sand Dunes,” “Shingle Beaches and their Fixation,” “Plant Winning 
of Tidal Lands — Salt Marshes,” and “Blakoney Point, Norfolk, from an engineering point 
of view.” These chapters include some of the best general accounts of the three types of 
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vegetation of our maritime lands hitherto published in English, and written so as to bring 
out the functions of the various plants in stabilising the various substrata they inhabit. 

In the case of sand dunes we have a clear and full description of the technique employed 
with success on the Prussian, French and Australian coasts. A necessary distinction is 
drawn between the formation and maintenance of an adequate protective littoral dune 
ridge on the one hand and the fixation of inland wandering dunes on the other. The sand 
dune problem may be said to have been solved, and all that is wanted is the application, 
with suitable local modifications and improvements, of the existing technique. Not so the 
problems connected with shingle beaches, a subject Professor Oliver has made peculiarly 
his own. The descriptions of the actual function and behaviour of the various shingle- 
inhabiting plants are most interesting and instructive, and represent almost entirely new 
work during the last 10 years on the part of Profe.ssor Oliver and his colleagues. The author 
places his faith mainly in Sumda fruticosa as the future stabiliser of shingle beaches. This 
plant, which is very local on the British coasts, but most abundant and vigorous where it 
occurs, has an astounding capacity for rejuvenation when pounded and covered by shingle, 
and this reaction greatly increases its stabilising powers. Nature herself, however, never 
completes the process of stabilisation of shingle beaches by plants, and we have to go further 
on the lines she points out. Excellent practical suggestions for plantation with a view to 
stabilising mobile shingle are given, though we do not gather that the methods suggested 
have been actually tried. 

The account of the vegetation and development of the salt marsh is also very good, 
though but little practical suggestion as to control or improved utilisation is given. The 
case of JSpartina Towvsencli is discussed in some detail, ai\d its unrivalled powers as a ra{)id 
land winner are W(ill brought out. Attention is called to the dangers of the deterioration of 
navigation facilities as a result of the raising of the level of tidal lands l>y the iiKuease of 
Spartina and the consequent restriction of the volume of tidal water available for keeping 
channels free by its scouring action. The problems involved in the stabilisation of sea cliffs, 
and the somewhat parallel case of railway cuttings arc somewhat lightly touched upon. 

The necessity of a public department able to experiment and to determine on suitable 
courses of action in regard to all coastal problems and particularly those involving the use 
of vegetation is constantly insisted upon. 

The style of the book is in the main well suited to its audience, though here and there 
the phrasing and terminology are a little heavy for those unused to the language in which 
scientific discussions are usually written. There are a number of excellent photogra])hic 
plates and text diagrams which greatly add to the attractiveness and usefulness of the 
book, A. G. T. 
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. OBSERVATIONS ON THE ECOLOGY OF 
EPILOBIUM HIRSUTUM 

By lily BATTEK 
# {With fifteen Figures in the Text,) 

In the course of an investigation of the growth of the rhizome of Epilobium 
hirsutuniy which had been planted in the bog-garden of the Botanical Depart- 
ment of the University of Bristol, material was collected from varying habitats, 
and it was observed that a loosely packed tissue, developed from a phellogen, 
was present in those plants which had been growing in the water. Scott and 
Wager (3), p. 312, have worked on a similar tissue in the floating roots of 
Seshania aculeata. They considered that it came under the definition of 
periderm, since it arises from a phellogen, although it differs from cork in th'e 
fact that the cells are non-siiberised and living. Schenck ( 2 ), p. 526, has 
pointed out that many shrubs and perennials growing in marshes develop in 
the submerged parts of the stem, or in the portions growing in wet mud, a 
remarkable tissue, the formation of which is directly connected with the 
presence of the water. In those parts of the plants which are growing in the 
air, or in drier soil, this tissue is replaced by cork, with which he considers it 
is analogous with regard to its origin, although it differs from it considerably 
in its form and function. Schenck gave the name Aerenchym ” to this tissue, 
and he found that it consisted of thin-walled non-suberised cells which have 
intercellular spaces of varying size, between them. He found that the spaces 
were filled with air, and the cells were elongated considerably in a radial 
direction. As a result of this elongation many of the cells have broken away 
from each other, so that they are not in contact over their whole surface, 
although a radial, and even in some instances, a concentric arrangement is 
visible, as in the case of cork. 

The aerenchymatous cells were found by the same worker to contain 
protoplasm, a nucleus, and sometimes tiny leucoplasts which formed starch, 
while in others there was colourless cell-sap. He found that the aerenchyma, 
during the course of its formation, split off the layers of tissue which were 
outside it, in a similar manner to cork, so that the stem became eventually 
clothed with a secondary covering of a spongy nature, which often attained 
a considerable diameter. This covering was renewed centrifugally, and 
formed a homogeneous ventilating system, which came in direct contact with 
the water, but without allowing the latter to penetrate into the intercellular 
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spaces. Schenck’s work was concerned principally with Jussiaea, although 
he discovered later that a number of marsh perennials and herbs of widely 
dissimilar families revealed the same phenomenon. He mentions that it 
occurs in Ejnlobium Jiirsulum, and as Jussiaea is a tropical type and not 
easily obtained in this country, while Epilohium hirsutum, occurs in almost 
every county of England and Wales, it was thought that a further investigation 
of the aerenchymatous development in the latter would be of interest. 

The anatomy of the main stem of E. hirsutum has been described by 
Solereder ( 4 ), vol. i, p. 373. The transverse section of a young stem shows 
dicotyledonous bundles in a ring: the wood vessels have spiral thickening, 
and patches of intraxylary bast adjoin the inner margin of the wood. The 
endodermis is well marked, and groups of bast fibres occur in the pericycle 
opposite the primary bundles. In the older stem secondary thickening has 
taken place, and narrow medullary rays o(!Cur between the bundles. The 
wood- vessels are usually pitted with simple pits, although scalariform mark- 
ings occur occasionally, and strengthening fibres are well developed between 
the vessels. The groups of bast fibres tend to elongate in a tangential direction 
as the stem increases in thickness, so that eventually bast fibres may occur 
opposite some of the secondary bundles. In the old stem the groups of 
intraxylary phloem are more fully developed, and the cells of both pith and 
cortex contain numerous starch grains. Solereder also points out that in the 
Onagrarieae which inhabit marshes, aerenchyma is produced by the phellogen 
in place, of cork. 

The development of this tissue was investigated and it was found that 
during the latter part of the spring (the month of May in 1916 and 1917), 
plants of Epilohium, hirsutum develop a phellogen which usually arises inside 
the groups of bast fibres (Fig. 1). If however the rhizome or shoot has not 
developed very fully, and no bast fibres have been formed, when the phellogen 
arises, the latter is produced inside the endodermis (Fig. 2). This meristematic 
tissue divides actively, and the nature of the cells which it produces varies in 
different parts of the plant. The phellogen itself presents a similar appearance 
to a normal cork phellogen, the cells being regular, brick-shaped and super- 
posed. In the aerial parts of the plant, the tissue cuts off normal cork, but in 
those parts which are submerged in either water or mud, aerenchyma is 
developed. The tissue differs from cork in its loosely-packed nature, the non- 
suberised character of the walls, and in the fact that the cells are living. 
When contrasting the tissue with the aerenchyma produced under similar 
circumstances in Jussiaea Schenck ( 3 ), p. 562, points out that “bei dem 
ersten Typus {E. hirsutum) sind alle Zellen mehr weniger gleichgestaltet, radial 
gestreckt und nicht in regelmassige Zonen angeordnet, bei dem zweiten Typus 
{Jussiaea) dagegen baut sich das Aerenchym auf aus concentrischen, ein- 
schichtigen Zelllagen, die durch radial gestellte Zellbalken verbunden sind.” 
Both types of aerenchyma are however produced in Epilohium hirsutum, and 
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Schenck apparently observed this fact, because he writes later; ( 2 ), p. 542, 
“An der Wurzel entsteht das Phellogen aus dem Pericykel und erzeugt ein 
Aerenchym, das verschieden von dern des Stengels aus concentrischen Lagen 
sich aufbaut.” I have been unable to find this type of aerenchyma in the 
adventitious roots formed on the rhizome, but as the lower part of the upright 
rhizome might easily be mistaken for main root, it seems possible that Schenck 
may have been referring to that part of the plant. On the contrary, the tissue 
described may have been found in the roots of plants grown from seed, and 
not produced by vegetative reproduction. 



Fig. 1. T.8 of submerged portion of vegetative shoot, showing phellogen arising inside the 

cndodermis. x 100. 


That part of the rhizome which is embedded in the mud is clothed during 
summer with a white spongy aerenchymatous covering formed by the pro- 
duction from the phellogen of a system of tangential plates or concentric cell- 
layers, with radially elongated cells acting as supports to connect the plates. 
In transverse section then, the tissue appears as concentric rows of cells 
connected by radial supports (Fig. 10). This tissue only occurs on that part 
of the plant which is below the mud-level, but the cells cut ofl by the phellogen 
for a short distance above the mud-level are slightly rounded off, although the 
number of cells produced is very much smaller (Fig. 7). During the time that 
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aerenchyma has been developing in the mud, the phellogen has been cutting 
off a few rows of cells similar in shape to cork cells, in the portion of the 
vegetative shoot which is submerged in water. The formation of aerenchyma 
in this part appears to be a subsequent development. The tissue formed in 
the mud is comparable to the aerenchyma described by Schenck for Jussiaea, 
although in the latter the supporting cells are radially elongated to a much 
greater extent. A comparison of the transverse sections of the early stages in 



Fig. 2. T.S. of submerged portion of vegetative shoot, showing phellogen arising inside the 

phloem fibres, x 500. 

the formation of the aerenchyma of both plants shows marked similarity of 
form, development proceeding along the same lines in both cases, the actual 
extent of the elongation of the supporting cells being merely a question of 
degree. 

Material gathered from a stream in North Somerset in October, 1916, shows 
a band of aerenchynaa in the part of the vegetative shoot which is submerged 
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in water, but the tissue differs from the aerenchyma previously described, 
and consists of a series of radially elongated aerenchymatous cells, with large 
air spaces between them, but possessing no definite concentric arrangement 
(Fig. 4). The amount of aerenchyma developed is not uniform throughout the 
whole of the region which is submerged in water, but the tissue thins out 
towards the water-level on the upper side (Fig. 3), and is replaced by the 
concentric type of aerenchyma at the mud-level on the lower (Figs. 4-10). 
When the formation of aerenchyma begins in this area, the cells which have 
already been cut off by the phellogen,— simultaneously with the aerenchyma 
formed in the mud — become pushed outwards, and this accounts for the 
presence of a few rows of more or less brick-shaped cells bounding the aeren- 
chymatous band on the outside. The remains of the primary cortex may also 
be seen outside the aerenchyma. It was considered at first that the brick- 
shaped cells belonged to an outer cork-forming phellogen, but their contents 
were found to give no reaction for acids belonging to the tannin group, and 
examination of earlier stages in the development of the tissue showed that 
they originated from the same phellogen as the aerenchymatous tissue. 

The phellogen layer is thus capable of cutting off different types of tissue, 
which vary as the nature of tlje surrounding medium. Response apparently 
occurs most readily in that part of the rhizome which is growing in the mud. 
The phellogen at first cuts off brick-shaped cells which are not suberised in the 
portion growing in the water, but it subsequently develops aerenchyma, which 
is different in form from the tissue produced in the mud. In the latter case, the 
product of the j)hellogen is definite aerenchyma from the earliest stage of 
development. 

Material which has not been submerged in either water or wet mud shows 
no development of aerenchymatous tissue, and it appears therefore that its 
formation is a direct response to external conditions of life. An experiment 
was set up to ascertain whether change of environment would be accompanied 
by immediate response, and for this purpose young rhizomes were gathered on 
15. xi. 1916, and their environment was changed as follows: 

A . Rhizomes from a sandy bank were planted in mud and submerged in water. 

B, Rhizomes from a stream were planted in a pot of soil from the sandy 
bank. Controls were kept of both experiments, and on May 16th, 1917, the 
plants were examined. 

A, The part of the rhizome which was submerged in mud had developed 
a white spongy covering of aerenchymatous tissue, tangential plates with 
radially elongated chains of supportive cells. The part of the rhizome which 
was submerged in water had developed a phellogen, and a few layers of brick- 
shaped cells had been produced, but aerenchyma had not yet been formed. 
A later examination, however, showed that aerenchyma of the irregular type 
was developed in this region. 

J9. Although the plant had been grown in comparatively dry soil, a 
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definite band of aerencbyma had been produced in the part of the rhizome 
below the soil level, but no aerenchyma was formed by the portion of the shoot 
above the soil. 
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Fig. 3. L.S. of outer layers of wain stem showing thinning out of aerenchyma at the water- 
• level. X 100. 


Aerenchyma is produced therefore in Epilobium hirsutum as a definite 
response to external conditions. The presence of mud produces a quicker 
response from the plant than the presence of water. Response takes place 
rapidly, and occurs during one vegetative season^ in a plant that has been moved 
from a dry habitat into a wet one. The plant however which was moved from 
water into sandy soil responded much less readily. This may be understood, 
because the plant A would have been unable to get enough oxygen for growth, 
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unless it developed aerenchyma, while immediate adaptation was not essential 
to the life of B. 
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Fig. 4. T.S. of outer layers of main axis, showing maximum development of aerenchyma (with 
no concentric arrangement) in the portion of the shoot which is submerged in water, x 120. 
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In the adventitious roots, I have been unable to find any aerenchyma, the 
phellogen in this case cutting off layers of cells with brown contents, alternating 
with layers having little or no contents (Figs. 1 1 -1 3). These colourless cells may 
perhaps be analogous with the “phelloid” cells described by Von Hohnel, and 



Fig. 7. T.8. of outer Layers of main axis, very near mud -level. No aerenchyma of type shown in 
Figs 4-<) is jiresent, but cells show signs of rounding off, suggesting the early stage of the 
“mud” type of aerenchyniatous tissue, x 120. 



Fia. 8. T.S. of outer layers of main axis, at the mud-level. Aerenchyma has been formed, and 
is beginning to show signs of concentric arrangement, x 120. 
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referred to by Schenck ( 2 ), p. 526, viz.: ''Das Periderm gliedert sich von 
innen nach aussen gerechnet in Phelloderm, Phellogen und Kork, welch’ 
letzterer nach den eingeheiiden Untersuchungen von Hohnel’s nicht immer 
aus lauter verkorkten Zelllagen besteht, sondern in manchen Fallen zwischen 



Fia. 9. T.tS. of outer layers of main axis, from portion growing in the mud. Shows coneentrie 

arrangemcait of aerenchyma. x 120. 
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Fia. 10. T.S, of outer layers of main axis, showing complete development of tangential plates, 
with radial chains of supportive cells between the plates, x 90. 
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den verkorkten Lagen auch solche ohne jegliche Spur von Korkstofi enthalt.” 
Solereder ( 4 ), vol. ii, p. 932, also mentions that: “in many members of the 
order {Onagrarieoe) the tissue of the cork includes both suberised and un- 
suberised (phelloid) cells, and in some cases (species of Fuchsia), there is a 
regular alternation of layers of cork-cells and phelloid cells.” 



Fjg. 13, T.S. of portion of lateral root, fr(.»in material growing in the water, showing alternating 
layers of suberised and non-suberised cells, x 120. 

In the young root of Ef ilohinm hirsutum, the cells of the cortex are very 
loosely packed, and large air-spaces occur in the roots of plants grown under 
very moist conditions (Fig. 14). In Jussiaea, Schenck has described the aeren- 
chyma in the aero tropic roots as being developed from the primary cortex ( 2 ), 
p. 533, but in that case the tissue is of such distinct form as to merit the use 
of the term “^aerenchyma.” In Epilobium hirsutuMy however, it appears to 
be a loose cortical tissue, rather than definite aerenchyma. 

In the cortex of the young root, isolated cells occur with dark-brown con- 
tents. The brown substance belongs to the tannin group, as may be shown 
microscopically in the following ways: A drop of dilute solution of iodine 
n/100 in potassium iodide, when placed on the section, causes a pale pink 
coloration. The brown substance changes to greenish yellow, when tested 
with baryta water. 

In order to test the effect of growing plants in different soils, seeds which 
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had been produced by plants growing in running water were sown in pots 
containing respectively {a) clay and (b) sand. 

The seeds germinated readily in each pot, but the green shoots of those 
grown in clay developed more rapidly than those grown in sand, although the 
root-systems of the former were smaller, the rootlets being fewer and shorter 
than in the sand-grown seedlings (Fig. 15). A comparison of the transverse 
sections of the roots shows much larger air-spaces in the plants grown in clay. 
This is comparable with the result obtained by Norris ( 1 ), p. 134, when grow- 
ing Zea Mats under similar conditions. 



Pjg. 14. T.S. of lateral root showing primary cortex with large air-spaces and cells containing a 
substance belonging to the tannin group, x 120. 


During the month of September, sections were cut just below the soil level, 
in order to ascertain whether there was any trace of aerenchymatous develop- 
ment in these plants, as a result of the parent having grown in water. Examina- 
tion showed however, that neither clay nor sand-grown seedlings had developed 
any aerenchymatous cells, confirming the view that the presence or absence of 
that tissue is a direct adaptation of the individual to its environment. 

With regard to the function of the aerenchymatous tissue, Schenck ( 2 ), 
p. 562, states that the air stored in the lacunar spaces has been tested by 
Dr Immendorflf, and found to be 30 per cent, richer in 0 than atmospheric 
air, and to contain a considerable quantity of COo in addition to 0 and N. 
It is evident therefore that the tissue facilitates the supply of 0 to those parts 
of the plant which are immersed in either water or mud, and consequently are 
but little exposed to 9 ,tmospheric air. 
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Scott and Wager ( 3 ), p. 312 , have described the formation of aerenchyma 
in the floating roots of Sesbania aculeata, and they termed it “floating tissue.” 
Ill Epilobium hirsutum however, the aerenchyma does not appear to function 
as a floating-tissue, since the main rhizome is fixed in the mud, and although 
adventitious roots, w'hich may float in the water, arise up the stem, I have 
not found any definite aerenchymatous development in these laterals, 
although the cells cut off by the phellogen are in some cases slightly 
rounded off. 



The external character bf the rhizome varies in appearance according to 
the nature of the surrounding medium. If the plant is growing either in very 
wet soil or submerged in water, the rhizome is succulent, and the root develop- 
ment is very considerable, a large number of adventitious roots being 
developed. When, however, the soil is cofnparatively dry, or of a sandy 
nature, and consequently physiologically dry, the rhizome is much less fleshy, 
and the roots are fewer. 
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An experiment Was set up in order to ascertain whether the presence of 
water influenced the direction of growth of the rhizomes, but it was found 
that the young rhizomes which were formed by the plant, grew out in all 
directions, irrespective of the relative situation of the water. 

The following experiment was carried out to ascertain whether seeds of 
E, hirsutum will germinate when grown below the water level in slowly 
changing water. 

Apparatus was set up, by means of which water was kept constantly 
dripping from a higher vessel into a glass dish which contained a perforated 
porcelain vessel. The seeds were enclosed in the porcelain pot which was lined 
with muslin. The water in the vessel containing the seeds was thus kept 
slowly changing. 

The result of the experiment was that by the end of a fortnight the seeds 
had begun to germinate, and radicles were well developed. The experiment 
was allowed to remain, and growth continued slowly, but the seedlings were 
weakly, the internodes being considerably elongated, while the leaves were 
much reduced. 

Examination of the anatomy showed very little development of wood, but 
the air-spaces between the cortical cells were not as large as might have been 
expected. This is probably due to the fact that a certain amount of air was 
available for the plant in the slowly changing water. 

It was found therefore that the seeds will germinate below the water-level, 
provided that the water is slowly changing. 

An experiment was set up to ascertain whether seeds will germinate below 
the water-level, and also in which position relative to the water-level they 
germinate best, when the water is stagnant. 

A constant level of the water was maintained by means of a siphon, and 
an inverted bottle with a glass tul)e fixed into the cork. The inverted bottle 
was filled with water, and the edge of the glass tube reached the water-level 
in the beaker below. This kept the water-level constant in the beaker, and a 
siphon passing from the beaker to the glass vessel in which the seeds were 
placed kept the level constant there. Some of the seeds were fastened to a 
porous plate with wax, while others floated in the water. As the amount of 
water added was only equal to the amount lost by evaporation, the water in 
the vessel containing the seeds was practically stagnant. 

The result of this experiment was that at the end of ten days (November 
27th), several seeds near the water’s edge had germinated. Three days later, 
the radicles were visible of seeds on the porous plate, two and four cms. 
respectively above the water-level. Germination was not however rapid under 
these conditions, and it was not until January 14th, that is, nearly two months 
after the experiment had been set up, that growth had really begun in the 
majority of the seeds. At the beginning of May, the seedlings below the water- 
level, or floating on the water, were alive, but were very weakly, while those 
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plants above the water-level had died, unless the roots could reach the water, 
and thus obtain sufficient moisture. 

The anatomy of the seedlings grown below the water-level showed that a 
very small stele was present, with very little wood or bast. Air spaces occurred 
between the cells, and the cortical cells were large compared with the radius of 
the stem or root. 

Seeds of E. hirsutmn will germinate therefore below the water-level, even 
when the water is stagnant. Growth is more active however when the seeds 
are floating, although even then the plants are weakly, and the amount of 
moisture which is available from a porous plate is insufficient to enable the 
young plants to thrive. 


Summary. 

In the early spring, plants of Epilobimn hirsutum develop a phellogen layer 
which is capable of producing cork, concentric layers of acrenchyma, loose 
aerenchymatous cells with no concentric arrangement, or alternating layers of 
phelloid and non-phelloid cells, depending on the environment of the plant, 
and the position of the organ concerned. Material which was changed from a 
dry habitat to a wet one responded during one vegetative season and developed 
aerencbyma both in the parts growing in the mud, and also in the part growing 
in the water. A rhizome which had been moved from a wet to a dry habitat 
responded less readily to the change of environment, and produced concentric 
layers of aerenchyma in the part of the shoot below the soil level, although its 
formation was no longer essential to the life of the plant. 

Seeds from a plant grown in water were planted in sand and clay respec- 
tively, but no trace of aerenchyma appeared, confirming the view that its 
formation is a response by the individual to an external stimulus. 

Seedling experiments were carried out and it was found that the seed^s 
would, grow below the water-level, although the seedlings were weakly, but if 
the seeds germinated in a place where little water was available, they soon 
died, the moisture obtainable through a porous plate being insufficient. 

Conclusion. 

Plants of E, hirsutmn are capable of responding to an external stimulus 
and adapting themselves very rapidly to the medium in which they are grow- 
ing. This adaptation is effected principally by the activity of a phellogen 
layer, and the action of the stimulus and the response may occur during the 
life of one individual. The presence of water-saturated mud causes a quicker 
response than the presence of water alone, while a plant changed from a dry 
habitat to a wet one develops aerenchyma more rapidly than it loses the power 
to produce the tissue when its presence has become immaterial through change 
of environment. 
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SOME REC^OKDS OF THE SEASONAL FLORA OF 
ARABLE LAND UNDER CUl.TIVATION 

By L. F. NEWMAN and R. W. NEWMAN. 

For several years the writers have kept accurate records of the numerical 
and seasonal occurrence of the weeds of arable land under ordinary culture. 

The flora of any arable field is exceedingly scanty both as regards number 
and species, rarely more than 30-35 species commonly occurring on a farm 
lying over a single geological outcrop, that is, with only one fairly uniform 
type of soil. Special clay, sand, loam or chalk plant-associations develop 
according to the character of the soil, and by reason of the agricultural 
operations carried out through the year these associations are composed almost 
entirely of annuals, with seedlings and young plants of those perennials which 
have wind-borne fruits capable of rapid germination; such species form the 
first vegetation on waste land when abandoned by the farmer. 

The frequency of occurrence of arable land weeds and the flora types met 
with on different geological horizons have been worked out by Dr Winifred 
Brenchley^ who, however, only observed the relative frequency of summer 
flowering plants in growing crops without reference to their actual number and 
seasonal distribution. Plant counts of old pastures have been carefully made 
by S. F. Armstrong‘S and others, but, again only for special areas and in the 
summer. Seasonal records of arable land plants have also been recorded for 
certain western pastures and arable by R. G. Stapledon^ who counted the 
plants in several small areas (one sq. foot) at intervals throughout the year, 
the squares being selected haphazard from different parts of the same held and 
the counts added together. 

None of these methods, however, gives an idea of the number of plants 
surviving ordinary agricultural operations on arable land throughout the 
season, and the authors therefore arranged an experiment to determine the 
succession of plants on one plot of land over an entire year. Their method was 
as follows: A square wooden frame with an inside area of one yard was thrown 
down in a field at a fixed distance (two chains) from the headlands. The exact 
site was noted by measuring coordinates to pegs fixed in the hedgerows at 
right angles to the sides of the frame. Pegs were thrust down nearly flush with 
the ground at each corner and left there when the frame was lifted up so that 
it could be easily slipped back on the same place at the subsequent visits. The 

’ BrenebMy, Annals of Botany, January 1013 and 1011. 

» Arawtrong, Journal of Agric. ScA. a, Part 3. “ Bull. Cirencester Agric. CoU. 1012. 
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site was at first marked with a flag, but this was subsequently abandoned as 
the pole attracted rabbits, whose droppings affected the vegetation both by 
quickening germination and by sowing seeds of alien plants^. In this way the 
same area could be examined throughout the year and the plants in the frame 
easily counted, sliding bars sub-dividing the space being used to ensure 
accuracy. The ordinary agricultural operations of the farm were not inter- 
fered with and one of us (R. W. N.) supervised the work and saw that the 
plots received exactly the same treatment as the rest of the field. 

The tables appended show the number and species of the weeds on six such 
areas on fields under different crops and taken at intervals throughout the 
year. The plots were counted once during each of the winter, and twice during 
each of the summer months when the crops and weeds were growing rapidly. 
The farm is situated on the borders of Hertfordshire and Essex, and the soil is 
derived from the heavy calcareous boulder clay which covers most of the 
district; an average mechanical analysis being: 

Table I. 


Eino gravel 


1 <v 

Coarse sand 


17-0 

Fine sand ... 


17 0 

Coarse silt ... 


17 0 

Fine silt 


100 

<'Jay 


100 

Loh.s on ignition 


10-0 

Moisture 


4 0 

( ^alei urn carbonate 


4-5 


The rotation of each plot was: 

Table II. 




(’rop taken the 

Cro}> taken two 

Plot 

(/rop 

previous yciar 

years previously 

1 

( ’lover 

Wheat 

Mangolds 

Sainfoin 

11 

Sainfoin 

Sainfoin 

in 

Oats 

Wheat 

Clover 

IV 

Wheat 

Bare fallow 

Wheat 

V 

Barley 

Wheat 

Clover 

VI 

Wheat 

Mangolds 

Barley 


riot II on poor undrained soil was very foul after three years’ sainfoin. It 
was ploughed and well cleaned. The first ploughing was in April, and as the 
land was under a cleaning fallow for the season and gave blank records the 
readings were discontinued. 

Plots were originally taken on potatoes and on roots, but spring tillage and 
rigorous hoeing throughout the season so interfered with the natural plant 
growth on the plots by uprooting and carrying on to them alien seedlings and 
young plants that they were also abandoned. 

Plot VI was deliberately seated over a small patch of Agropyrum repens in 
order to ascertain how far the growth of individual shoots could be distin- 
guished throughout the season. 

^ ZiUbbock, Seeds ami fruits. WarnUiig, O ecology of Plants, 

12—2 
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Home difficulty was experienced in distinguishing a few of the plants in the 
cotyledon stage and similar seedlings outside the plot were pegged and visited 
at intervals until either the identification was confirmed or the species was 
recognised correctly. The authors are indebted to Professor Biffen of Cam- 
bridge for assistance in identification of some of the doubtful species. Planiago 
media and P. major were grouped together. No attempt was made to distin- 
guish between the various species of Hieracium, and Sonchus was included with 
them. Where several of the seedlings were found in the cotyledon stage at one 
reading the letter C is placed after the number of plants in that stage and the 
figures should be added together to give the total number of individuals of the 
species on the plot. 

The readings varied very much from one another in the different plots 
throughout the season, the flora of each field being quite distinct. In no case 
were the plots separated by more than 400 yards from each other. 

The following record shows the differences in the plots on April 16. 

Plot /, clover: Cnimis arvensis, Lychnis vespertina, Medicago saUva, Plan- 
iago lanceolata, P. media, Scahiosn sticcisa, Tussilngo Farfara, Veronica agrestis, 
F. Buxbatimii, 

Plot II, sainfoin: Brassica simapis, Cerastium vulgatum, Cnicus arvensis, 
(ralium aparine, Linarm minor, Lychnis dioicxi, L. vespertina, Medicago lupu- 
Una, Potentilla replans, Prunella vulgaris, Ranunculus arvensis, R. repens, 
Senecio vulgaris, Sonchus arvenrsis, Taraxacum officinale, Tussilago Farfara, 
Veronica Buxbaumii. 

Plot III, oats: Lychnis vespertina. 

Plot IV, wheat: Brassica sinapis, Cerastium vulgatum, Galium aparine, 
Ranunculus arvensis, Scandix pecten Veneris, Veronica Buxbaumii, V, agrcstis. 

Plot V, barley : Agropyrum repens, Brassica sinapis, Veronica Buxbaumii, 

Plot VI, wheat: Agropyrum repens, Brassica sinapis, Cnicus arvensis, 
Veronica Buxbaumii. 

The agricultural operations were, owing to the nature of the crops on the 
plots, coinparatively few in number but drastic in their effects on the weed 
floras. 
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Table III {continwd). 





I 

II 

Ill 

IV 

V 

VI 

Date 

Clover 

Sainfoin 

Oats 

Wheat 

Barley 

Wheat 

Sept. 

1-lG 

Cut 

— 

Sheep fed 3 

— 

SluM^p fed 1 

— 





days 


day 


)» 

17-30 

Sheep fed 4 
days 

Ploughed 

— 

Ploughed 

— 

— 

Oct. 

1-31 

— 

Harrowed 

Drilled 

— 

— 

— 

Nov. 

1-30 

— 

— 

New crop 

— 

— 

— 

J)oc;. 

1-31 

— 

— 


— 

— 

— 


Tillage and cleaning work generally are carried put on this type of land dur- 
ing the years of roots and beans or bare fallow and very little attention is given 
to weeds in cereal crops. The autumn ploughings account for most of them. 

The following is a list of the species identified in the plots during the year - 
forty-two in all: 

Table IV. 


Agropyruni repotis 
Aiiagallis arvenniy 
BraHsica sinapis 
( 'entaurea nigra 
( .'erastiiim arvensjs 
vulgatum 

( 'henopodiuin album 
( ’nicuH arvcnnis 
Con vol V ulus arvonsis 
E u ph o r b i a ( j x i g u a 
Galium aparine 
(jreranium di8se(dum 
Hi(.Ta(dum sp. et Sonchus 
Lamium purpureum 
I iUpsaii a (!oin munis 
Linaria minor 
ij. spuria 
Lychnis dioica 
L. vcspertina 
Mcdicago iirpulina 


Montha arvensis 
Plantago lanceolata 
P. rm^dia ot major 
Polygonum avicularo 
P. convolvulus 
Potentilla reptans 
Prunella vulgaris 
Ranunculus arvensis 
R. repens 
Rub us caesius 
Rumex crispus 
Scabiosa succisa 
Scandix pecton Veneris 
Senecio vulgaris 
Siiene inflata 
Taraxacum officinale 
Tussilago Farfara 
Veronica agrestis 
V. Buxbaumii 
Viola tricolor 


Table V. 


Rainfall for the year 1911 (by kindiiess of Dr Mill). 
'' British Rainfall Organization.’’ 

Record from station near to plots. 

Monthly rainfall in inches. 


Jan. 

L64 

. Brought forward 

9-94 

Feb. 

MG 

July 


0-8 

March 

2 08 

August 


0*3G 

April 

0-88 

Sept. 


1G2 

May 

1-53 

Oct. 


2-57 

June 

2G5 

Nov. 


;h24 

Forward ... 

0-lH 

Dec, 


4 GO 

Total for year 




23- 13 


The second half of the summer was very hot with very low rainfall in 
July and August. 



Plot I. Clover. 


182 


SemoncH Flora of AraMe Land under Cultivation 


uoxn'Bqxng; voiuojq^ 

UOTUOJO^ 


oS-BJTSStlX 

QUOfTg 

-nsiooTiis tisoiqtiog 
gndstjo xoiun'^ 
eisuaAjB 8n|notmu«^ 
fininAioAUoo mnuo^iCjoj 
OJBpOtA'B UinUOSiCjOJ 
jofism Bif)aiu 

WISUSAJ-B UlplIO]^ 

BUifndiq o 5 ?'pofpoj\f 

BTipjadSOA STUqOi^'l 

RT8U0AJB ) 
snqouofj (jo 'dw umioujoip / 

unSixo Biqioqdng 

SlSUOAJt? SiqUAlOAUOQ 
SlSUOAJ'B stiom^ 
ORUOAJtl Uinp8B.I00 

8 jd 0X118 180TSSXUg 

wuddoj tanjXdojSy 


OOOOfOffO 


I I - - I 

I I I I 1 
I M I I I 

•TO eo C^-4 F-^ Th <M 


l-S f— < F— I gs| 


p 


CO CO CO p-< X CO 

oi oi oi — ^ 


0| CO <M ^ 


CO CO “Tti 


iC <M I (N 


o 

(Cl 


CiH 

2 


A 

a 

o ci 

K 

CD 

cS X 

03 to 


03 

v-t 

Qi t- 

a> 

0 ^ 


o 

5 


I— < CM CO uo W3 


CO »0) CO o 

OXO'^OiOOiiftioiOO'^oT CDlip^^OO 
CO<MCOF-HCO'-H(Mf-«i-<ffJ5rHCO*-<COi-Hr-irHCOi-HCOCOCO 

§ o ^ ^ i: - 3 " -3 - 3 r'g - 



Li F. Newman and R. W. Newman 


183 




H 

O 

CLi 


^ lO iO 


^ lO 


^ TO 


nnm'BqxDfi; voixjojq^ 
vjvjjv^ oStJfwsnx 
ofiffuioiRo nmoi?xuit?x 
KJJtli^jnA OlOOIIGg 

Ruocloi RTunounuttu S§ So to S S 

HTRuoAJi? sninounu'G'jj | | I ^ ^ 

sicnsSinA -Buouiuj | | ^ r-^ 

'B||TQllO^)OJ I I 

iiTpoiu cjo JofuTii oSii:jTiiq<j 

•Huiiiiflni oi3t?oi|)i>x\[ (M I 

vin;.iodsaA 8 iui|oAj 
'Roiorp ftTuqoiC'"! 

.TOtlTlU ‘RLlllUKJ 


nniojncijnd TunTmt?T ^ 

SIKUOAJ-O ] I 
ymy.jTioj^j 'jo -ds Tuiiiui?jaiff ) ' 


r-. » 


^ »o r- L'- 


bc 

c 


o 

5 


ourjiidii 11111111 ?^ I ^ 

sTsuoA.i'C snoTU;^ ^ -h oi — • 

uin)'njr?piA umi'^s'Rja^ oi co ci oi 

.)«aoA.i'iJ iiiiiris'cjo;) ^ | | | 

SldlillTS 'UOlRKTJJf]; I ^ S c; I 


QC O 
0\ CO 


.«5 rS'. 


;=^ 


OJ Cu 



184 Semonal Flora of Arable Land under Cultivodion 


Plot III. Oats. 
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Plot VI. Wheat. 
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The tables show very well the way certain species suddenly appear in large 
numbers on a field, especially after disturbance of the soil by one or other of 
the ordinary agricultural operations. The species may establish itself through- 
out the season and show a series of individuals all growing to maturity or it 
may suddenly die away and disappear from the field altogether. The causes of 
this are difficult to understand. There would appear to be no special reason 
why the young plants of one particular species should be attacked by animals 
or disease more £han any other or why, in the case of rapidly maturing annuals, 
a second crop should not be produced. It will be noted that the cycles of 
variation of numbers of the quickly growing annuals on the plots are a fair- 
indication of their life period; each wave of numbers representing a generation. 

The success of ordinary farm tillage in keeping down annuals is also well 
shown and the complete disappearance of the dead plants was one of the 
surprises of the investigation. Stubble fields show for a considerable time the 
stumps of the cereal crop, and the appearance of uncut grasslands in the 
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autumn when the dead remains or “aftermath” of the grasses cover the 
ground is well known. The dead leaves and stalks of perennial weeds remain 
attached to the roots long after dying away and the species can be readily 
identified, but the annuals seem to disappear entirely in a very short time. 
The two main factors are probably (1) worms, and (2) fungi of the Botrytis 
type which cause exceedingly rapid disintegration of dead plant tissues. The 
authors hope to carry on these records and at some future time to investigate 
especially the question of the decay and disappearance of the annual plants of 
arable land. 

Perennials were only counted when active growth was taking place or when 
the plant was obviously showing as a “weed.” The sudden disappearance and 
reappearance of isolated individuals therefore means that some accidental 
cause had deprived the plant of leaves and stem before the count was made. 
A second growth would lead to its inclusion later on and apparently show it as 
a fresh individual. 

The series show very well how easily the single count may lead to consider- 
able error when determining the relative dominance or rarity of plants forming 
the arable land flora and would seem to indicate the reason why contradictory 
results are sometimes obtained when a casual visit is made to any area and 
only a single examination made of the special fields selected. 
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THE BRYOPHYTES AND LICHENS 
OF CALCAREOUS SOIL^ 


By W. WATSON. 


It is well known that some flowering plants are characteristic of calcareous 
soils whilst others are absent or extremely rare. The cryptogamic vegetation 
is similarly affected by the presence or absence. of calcium carbonate. In the 
Oolitic districts of East Somerset, where the foxglove is absent, calcifuge 
mosses such as PoJytricha, Cajnpylopi and Sphagna do not occur, and the 
same phenomenon is shown in other calcareous tracts. A striking example of 
the effect of lime on vegetation is shown at Bugsworth in Derbyshire. The 
soil is siliceous, but is weH limed owing to the transport of lime, by means of 
a narrow gauge railway, from Doveholes. In the vicinity of the railway, and 
expecially where unloading for transport to the main line occurs, calciphilous 
bryophytes and other plants are abundant. ' 

Many bryophytes and lichens are absent or very rare in calcareous dis- 
tricts. Some of the most pronounced and commonest calcifuge species are: 


Sphagnum Hpp. 

Poly trichum spp. 

Die h od on t i um pe 1 1 u e id u rn 
Dicranella heteromalla 
I). corviciilata 
D. 8quarro«a 
Campylopus spp. 
Leueobryuin glaucuin 
Rhacomitrium spp. 
Hedwigia eiliata 
Orthotriohum rupestre 
Aulaeornnium palustre 
Pterygophyllum lucens 
H yoeornium tl age] I are 


Hypnum fluitans 
H. ex annu latum 
H. revolve ns 
An<‘ura multifida 
Pellia epiphylla 
Alien laria scalaris 
Gymnocolea inliata 
Leptoseyphus anornalus 
( Jephaloziel la byvssaeea 
T^epidozia setacca 
L. reptans 
Seapania undulata 
S. dentata 
Sphaerophorus spp. 


Parmelia saxatilis 
P. physodes 
P. omphalodes 
P. sulcata 
Lceanora par(‘lla 
L. polytropa, 

Pertusari a dealba t i 
Stereoeaulon spp. 

Lee idea eontigua 
L. erustulata 
L. granulosa 
1^. uliginosa 

Rhizo(iarpon geographic iini 
R» eonfervoides 


A few of these may be found on limestone heath where the top layer of soil 
is free from lime, or they may extend from a siliceous to a neighboming cal- 
careous substratum, but a full examination of such exceptions does not contra- 
dict hut rather emphasise their calcifuge character. On “mixed” walls made 
up of both siliceous and calcareous stones, near the boundary between 
siliceous and calcareous outcrops, or when flint or an eruptive rock occurs in 
limestone, such exceptions may occur, but it is more usual to find that the 
calciphilous plant has invaded the siliceous substratum. 

^ Part of a thesis accepted for the degree of D.8c. at the University of London. 
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Bryophytes and Lichens of Calcareous Soil 


There are many “ indifferent ” jdants of all groups which are abundant 
both on calcareous and siliceous substrata. The following bryophytes and 
lichens may fairly be considered “ indifferent ” : 


Mosses : 

(irimmia apocarpa 
'rortula niuralis 
h'iHsideas bryoidos 
Bryum capillaiv 

B. caespiticiiira 
B. pal lens 

Th u idi uin tamarisc in u tti 
Dicranum scopariuin 

Liverworts : 
l^lagioehila aspliaiioidi's 
Lop hoeol ea c u spid at a 
(V^phalozia bicuspidata 

Lichens : 

l\dtigera eaniua 
P. ])olydaotyla 
Lecanora cainpestris 


CJatharinea undulata 
Mtiium undulaturn 
Ncckera complanata 
Porotrichum alopecurum 
Br achy theei u m r u t a b ul u rn 
Kurhy rich i um praelongu m 
E. striatum 


Aplozia riparia 
(klypogeia fissa 


Urceolaria scruposa 
Cladoiiia pyxidata 

C. furcata 


Plagiotheoiurn sil vatieum 
P. denticulatum 
Amblystegium serpens 
Hypnum riparium 
H. cupressiforme 
Hyloconiium triquetrum 
H. squarrosuin 


Seapania manorosa 
LejeuiK'a (iavifolia 


Buellia carieseens 
Verrucaria muralis 
Dermatocarpon miniatum 


Other common bryophytes and lichens which are almost “indifferent” 
but show a slight preference for limestone districts are: 


G nni m ia pu I vi data 
G, apocarpa 
Tortula niralis 
Bryum inclinatum 
B. peijdulum 
Fontinalis antipyretica 


Anomodoii viticulosus 
Camptothecium sericeum 
Eurhynchium rusciforme 
E. swartzii 
Aneura pinguis 
Madotheca platyphylla 


Leptogium laeerum 
L. pu Ivina turn 
L. scotinum 
L. tenuissimurn 
Dermatocarpon laohneum 

D. hepatic um 


There are many plants which are never found except on calcareous rocks 
and soils and many others which show a decided preference for such habitats. 
These calcicole species are indicated in the following lists by an asterisk. 

Many plants which are usually given as showing a preference for calcareous 
soil are probably calcicole species in a stricter sense than is generally under- 
stood. In many instances departures from their calcicolous character have 
been shown by a detailed study to be more apparent than real, and probably 
other ecological unconformities would yield similar results after fuller in- 
vestigations. 

In the Millstone Grit districts of the Pennines Barbula tophacea and 
Encalypta streptocarpa grow together on siliceous walls but only on damp 
mortared walls. When dry walling (i.e. building walls without the use of 
mortar) is practised in the same district one searches such walls in vain for 
either of these mosses. 

Tortula amhigua and T. aloides usually occur in calciferous soil but are often 
present on Triassic sandstone of mortared walls in Somerset. 
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When limestone is sufficiently near to siliceous rock, the latter is often 
invaded by calcicolous species, a sufficient quantity of lime being imported by 
wind or water to enable them to exist, though often in a depauperate con- 
dition, On the boundaries between limestone and sandstone outcrops, as on 
Rushup Edge in Derbyshire, calcicolous plants such as EncalyjAa streptocarjxi 
and Collenia multijidum C. melaenum) occasionally occur on the sandstone. 
On flint and chert Verrucaria inlegra, F. glaucina, F. mgrescens, Pannularia 
nigra and other lichens occasionally spread from the surrounding calcareous 
rock. Where an eruptive rock occurs in limestone invasions from calcareous 
to siliceous rock or vine verm may sometimes occur, but mistakes in recording 
the habitat are more likely. Such an intermixture of rock occurs near the 
Sychnant brook on the Minera mountain of Denbighshire, and the notes made 
during my first examination of its bryophytic flora required careful revision 
later on when it was realised how deceitfully the rocks were intermixed. 
Similar care has to be taken in some parts of Derbyshire where toadstone 
occurs. 

Weisia tenuis probably has a much more decided preference for lime-con- 
taining rocks than is generally thought. On a sandstone at Tinkerborough near 
Stafford I found it growing abundantly. On the same sandstone, Barbula 
tophacea, Pellia fabbroniana, Arnblystegiuni filicinum^ A. serpens, Bryum 
capillare, Brachyihecium ruiabulum, Webera albicans, Toriula muralis and 
Barbula fallax were present. The first three bryophytes are calciphilous and 
on testing the sandstone with weak acid a decided effervescence indicated the 
presence of carbonate of lime. Many sandstones on which this moss grows are 
distinctly calciferous and an ecologist requires some weak acid in his field 
equipment. Another calcicolous plant which is not uncommon in such a 
habitat is the crustaceous lichen, Pannularia nigra. 

The occurrence of Lojjhozia turbinafa and Barbula cylindrica by road-side 
ditches has, in several instances, been traced to the use of limestone for road- 
mending. In some other cases of deviation by these two plants from their 
normal calcareous habitat, the deviation could not be shown to be an apparent 
one. 

The aberrant occurrence of some calcicole bryophytes on siliceous grassland 
may sometimes be traced to the frequent liming of the land. 

Many calcicole plants occur on sand-dunes, but since comminuted shells 
are present there is sufficient lime for their requirements. 

The lichens of calcareous walls are often very noticeable and characteristic 
and this is especially true for crustaceous lichens. On ‘^dry’’ walls built up 
with both calcareous and siliceous stones some species may be erratic but 
usually the components of the wall are well differentiated by their drapings of 
lichens. Near Mam Tor in Derbyshire such a wall occurs. The siliceous stones 
are well marked by the presence of Parmelia saxafilis, P. sulcata, P. physodes, 
Lecanora polytropa and Lecidea contigua, whilst the limestone is clothed with 
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Placodiutn aurantium var. plicatum (= Lecanora sympagea of Crombie’s Mono- 
graph), Verrucaria calciseda, V. nigrescens, Thelidium immersum, Colletna mul- 
tifidurn, Xanthoria parielina, Physda caesia, Lecanora galactina and Aspicilia 
calcarea. 

The factors influencing the distribution of the higher plants are both 
chemical and physical and there is some doubt as to the relative importance 
of these factors. In regard to many bryophytes and lichens there seems little 
room to doubt that the chemical factor is much more important. Lichens with 
deeply-immersed reproductive bodies always occur on some form of limestone 
since siliceous rocks are less able to be attacked by an acid excretion. Many 
calcicole bryophytes and lichens are indifferent to the physical character of 
the substratum, they will grow on almost any rock or soil if calcium carbonate is 
present. Hypnum molluscum is a striking example of this indifference. It occurs 
most abundantly on damp and somewhat shady limestone soil, but also occurs 
on sandy, marly, or clayey soil, on calciferous sandstone and sand-dunes, or on 
igneous or motamorphic rocks and their products of decomposition. It occurs 
on Precambrian, Cambrian, Silurian, Devonian, Carboniferous, Permian, 
White Lias, Jurassic and Cretaceous lime-containing rocks or soil. In all cases 
which I have fully investigated the substratum has had hme contents. The 
only habitat in which I have found this moss and have been unable to prove 
the presence of lime is by some mountain streams, and even then its association 
with other bryophytes which are usually calciphilous renders the presence of 
lime probable. Dilrichum jlexicaule and Trichostomum tortuosum have a 
similar varied habitat, and detailed examination of the substratum similarly 
reveals the presence of lime. In any case too much importance must not be 
attached to the exceptional occurrence of calciphilous bryophytes on a lime- 
free soil or rock. 

The Chalk-. 

The Chalk has not been sufficiently studied to give a detailed account of its' 
cryptogamic flora. General examination indicates that the difference between 
the distribution of the bryophytes and lichens on the older limestones and on 
the Chalk are slight, and that ecological classification would follow similar 
lines. The shade due to the close leafy canopy in the beechwood causes con- 
siderable differences between its ground flora and that of the ashwood. In 
the deepest shade the only plants present may be such saprophytic fungi as 
Marasmius peronatus, Collybid dryophila, Boletus fdleiis, Cantharellus cibarius 
and Mycena pura. In more open places and especially when rocks are abun- 
dant, the bryo'phytes and lichens are similar, particularly if places with similar 
light intensities are compared. A few calcicole species are seldom found except 
on chalk, the only frequent one being Seligeria calcarea. S.paucifoUa, Thuidium 
hysfricosum, Weisia sterilis, Dicranum bonjeani var. calcareum, Cephaloziella 
baumgart-neri, Lecidea obsoleta, Thelidium microcdrpum, T. sparsulum and 
Polyblastia schraderi are rare and mostly local plants. 
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The Older Limestones. 

The ashwood association is characteristic" of the Carboniferous limestone, 
and this has been particularly examined on the Mendip and in less detail in 
Derbyshire, Flintshire, Denbighshire, Wye Valley (with a Beechwood associa’ 
tion) and Wharfedale. Limestones of other formations which have been studied 
include the Devonian limestone of S. Devon and small patches in W. Somerset, 
the Woolhope limestone, the Dolomitic Conglomerate flanking the Mendip, 
the Magnesian limestone of Yorkshire, the White Lias near Taunton, and the 
Jurassic limestones of E, Somerset. 

The ground flora of the actual wood contains such bryopliytes as 


Hypmim niollusciini * sd 

Porotrichum aIop(‘curum a 

F. incurvus o 

H. euprosaiforme a 

Milium uiidulatum a 

F. d(‘cipieiis * f 

vivr. elaiiim * o 

M. euspidatiim a 

Ditrichuiu fii'xioaulo * f 

H. chrysophyllimi * o 

M. rostratum * a 

Dicranum siioparium a 

H. hispiduluin var. sommei - 

M. aflitie a 

I), majus o 

feltii * o 

M. stellare o 

('athariiiea uiidulata a 

Hylooomiiim triquetrum a 

jVl. hornum a 

Metzg(‘riji furcata (usually 

H , squarroHum o 

Jiryum capillarc a 

on tre(^s) a 

Amblystegium serpens o 

Encalypta strep tocarpa * f 

Lophozia turbinata * f 

Eurhynchiuni striatum a 

Barbula fall ax a 

Plagiochila. asplcnioides and 

E. tenellum * f 

B. c^ylindrica * a 

var. major a 

E. firaolougum a 

B. uriguiculata o 

( Miiloseyphus pallescens o 

E. crassinervdum f 

B. rubella o 

Loplioe.olea cus]iidatM a 

E. conferturn o 

Trichostornum crispulum * o 

L. bidentata o 

I Mag io t hoc i um d eat ic u la turn a 

T. tortuosum * o 

Ophalo/ia bicuspidata a 

P. silvaticum a 

Tortilla subulata o 

Calypogeia fissa o 

JJrachythecium j’utabulurn a 

T. ambigmi * f . 

Scapania aspc'ra * a 

Ji. vclutinurn o 

Weisia crispa * o 

S. nemorosa o 

Thuidium tamarisciuum a 

Fissidens viridulus o 

Madothix’a platyphylla f 

Neck era complauata a 

F, taxifolius o 

Mandiesinia inackaii * f 

CaiTiptothecium sericeuni o 
Anomodon viticulosus a 

F. liryoides o 

Lejeuriea eavifolia o 


Lichens are not abundant in the well-shaded portions of the wood but the 
following occur on the shaded rocks and ground: Collerna aiiriculalimt'^ o, 
C. granosum * o, C. pulposum f, C, ceranoides * o, Leptogium pusillum o, 
L. lacerum o, L. scotinum o, Stictma ftdiginosa o, Peltigera canina f, P. poly- 
dactyla o, P. horizontalis o. 

The arboreal cryptogams are not included in the above list, nor in the 
following lists. Their abundance and diversity are influenced chiefly by the 
humidity and purity of the atmosphere. 

In the wet or moist places of the wood the calciphilous plants AnMyslegium 
filidnum^ Hypnarn coryimutalum, Eurhynchiuni tsesdalei, Orihotrichum rivulare, 
Barbula cylindrical^ Weisia rupestris, W, verticillata^ PeUiafabhroniana, Preissia 
quadrata^ Lophozia turhinata, together with the '^‘indifleicnt plants Hypnunt 
riparium^ H, cuspidatum, Brachythecium rvvulare, B. plumosum^ Eurhynckm^ 


Joum. of Ecoloj^y VI 
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rusdfornie, Porotrichum alopemrum, Mnium punctatum, Fontinalis anti- 
pyreiica, Aplozia riparia, Chilo§cyphns polyanthus, Conocephalum conicum and 
Cephalozia hicuspidata, are usually frequent. 

Ash Scrub, In drier parts of the ash wood, in what is better described as 
ash scrub, and on more or less shaded limestone cliffs and screes, the bryo- 
phytes and lichens are similar and consist of such plants as: 


Hypnum molluscum * a 
H. cupressiformo a 
Eurhynchium circinatum * la 
E. striatulum * o 
E. swart zii f 

Camptothecium seriocum a 
C. luteseens * o 
Nocktira (jrispa * a 
Mnium rostratum * f 
M. stellare o 
M. undulatum f 
Thuidium philiberti * f 
T. tamariacinum f 
Anomodon viticulosus a 

A, longifolium * 1 
Bryum provinciale * If 

B. capillare a 
Pleuroehac^te aquarrosa o 
Tricboatomum tortuosum * a 
T. criapulum * a 
T. nitidum * f 
T. mutabile * f 
Orthoirichum anoinaluin 

var, sax atilc * f 
(). cupulatum * o 
O. diaphanum o 
Fuiuiria calcarea * f 
Emialypta vulgains * a 
E. streptocarpa * f 
Barbula fallax a 
B. rigid ula ♦ o 
B. sinuosa * o 
B. Kivoluta * a 
B. ruboJla f 
Tortula intermedia * a 
T. ruralis f 
T. muraliB a 
T. aloidos * f 
T. ainbigua * f 
Grimmia apocarpa a 
G. pulvinata a 
G. orbicularis * o 
Ditrichum flexicaule * f 


Dicranum scoparium a 
SeJigeria pusilla * Jf 
Fissidens decipiens * f 
Weisia tenuis * o 
W- calcarea * o 
W. crispata o 
W. tortilis * o 
W. microstoma o 
Zygodon stirtoni o 
Z. viridissimus o 
Targionia hypophylla * o 
Reboulia homisphaerica * o 
Aneura pinguis and var. den- 
ticulata o 

Metzgeria pubescens * If 
M, furcata (usually on trees) o 
Lophozia turbinata * o 
L. badensis * o 
Pcdinophylium interrupt urn 

Plagiochila asplcnioides a 
var. huinilis f 
Lophocolea ouspidata a 
Scapania aspera * a 
MadotJicfia platyphylia a 
Cololejeuuea calcarea * o 

C. rossettiana * r 
Frullania dilatata and F. ta- 
inarisci (usually on trees) o 
Cladonia pyxidata and var. 

pocillum o 
Pannularia nigra * o 
8ynalissa symphorea * r 
Collema auricu latum * f 
0. granosum * f 
Q. furvum * f 
C. tenax and C. crispum 1 
C. pulposum f 
C. granuliferum a 
0. multifidum ♦ a 
C. multipartitum * r 
Collemodium schraderi ♦ f 
C. turgidum f 


C. plicatile * o 
Peltigera polydactyla f 
P. rufescens f 
P. canina f 
Solorina sacoata * f 
Squamaria crassa * f 
Placodium aurantium and 
var. plicatum * f 
P. cirrochroum * o 
P. granulosum * r 
Callopisma ochraeeum * o 
C. tetrastich um * o 
C. irrubatum * f 

O. calvum * f 

C. erythrellum o 
Leproplaca xantholyta * If 
Diphratora candicans • f 
Candelaria vitellina o 
Pyrenodesmia variabilis * o 

P. chalybaea * o 
Lecanora galactina * a 
L. campestris a 
Rinodina bischoffi var, iin- 

mersa * r 

Aspicilia calcarea * a 

A. prcvostii * Jf 
Urcoolaria gypsacea * If 
U. scniposa o 

U. bryophila o 
Gyalecta exanthcmatica f 
G. cupularis * f 
Lecidea lurida * a 
L. decipiens * o 
L, tostacea * 1 
L. immersa * a 
L. metzleri * 1 
Biatorina ooeruleonigricans 
* a 

B. Candida * If 
B. lenticularis f 
Buellia oaneseons f 
Bilimbia aromatica ♦ a 
B. sabuletorum f 
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Dermatocarpon miniatum, 
and var. complicatum o 
D. hepatioum 6 
D. lachneum o 


Verrucaria nigresceiis ♦ a 
V coorulea * o 
V. rupeatris ♦ o 
V. calciseda * a 


Thelidium immeraum * f 
Staiirothelo ebbororiaig 1 
Aorooordia epipolaea * f 


Exposed Limestone Rocks. 

On exposed rocks and on calcareous walls the bryophytes and lichens are 
very characteristic and prominent constituents of the vegetation. Most of the 


species of the following li 
Grimmia apocarpa a 
G. pulvinata a 
G. orbicularis * o 
Weiaia viridula o 
Trichostomum crispulum * o 
T. nitidum ♦ o 
Enoalypta vulgaris * f 
E. stroptocarpa * f 
Tortula muralis a 
var. rupestris * f 
T. aloides * f 
T. ambigua ♦ o - 
T. ruralis a 
T. intermedia * f 
Barbula rigidula ♦ o 
B, fallax a 
B. horn8(;huchiana f 
B. siuuosa * o 
B. revoluta * n 
B. coiivoluta o 
B. lurida * o 

Orthotrichum anomalurn , 
var. saxatile * a 
O. diaphanum f 


it are found on limestone 
O. cupulatum * o 
Bryum pendulum f 
B, capillare a 
B. inclinaturn a 
B . muralo * f 

B. caespiticium f 
Camptothooium sericeum sd 
Hypnum hispidulum, var. 

sommerfeltii * o 
Madotheca platyphylla o 
Plagiochila asplenioides, vars. 

minor and humilis r 
Fannularia nigra a 

C. furvum * o 
C. puljiosum f 
C. eheilcum * a 
0. granuliferum * f 
C. multifidum ♦ f 

O. polycarpon * o 
Collemodium turgidum f 
Leptogium pulvinatum m 
X anthoria pariotina a 
Bhyscia teiiolla a 

P. caesia a 


walls. 

P. virella f 

Squamaria saxicola a 
Placodium murorurn, form 
pulvinatum * a 
P. aurantium ♦ f 
var. plicatum * a 
Callopisma citrinum ♦ a 
C. irrubatum * f 
0. calvum * f 
Diphratora candicans * f 
Candelaria vitellina f 
Lecanora galactina * a 
L. crenulata * f 
L. campestris a 
Lecariia erysibe f 
Aspicilia caJcarea * a 
Aearospora ])ruinoBa ♦ a 
Lccidca immersa ♦ f 
L. ochracca * o 
L. fusoorubens o 
L. sympathetica f 
Bilimbia aromatica * f 
B. sabulotorum f 
Buellia canescens f 


Lmestone Grassland Association. 


In the actual grassland few bryophytes or lichens occur but they become 
more frequent in moist or wet parts, and when the surface is rocky they become 
abundant. On “calcareous heath” they are often very abundant, but consist 
of plants which are indifferent to lime conditions or may even be calcifuge. 
Sphagna, Polytricha, Campylopi, Dicrana, Rhacomitria, Dicranellae, Plagio- 
thecia, Diplophylla, Lophoziae, Lepidoziae and other plants which may be 
abundant on such heaths are rarely found in calcareous districts. If present, 
their rhizoids do not penetrate to the calcareous substratum, and the plants 
reaUy live on non-calcareous soil. 

The commonest mosses on dry calcareous pasture (e.g. Brean Down 
(Carboniferous limestone), slopes of Castleton, are (* after the name indicates 
that the species shows a preference for a calcareous substratum ): — Fissidem 
decipiens * (form of grassy ground), Dicranum scoparium, Barbula- fallax, 

IJl— 2 
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Weisia i-rU^pata Ceratodon purpureus, TrUdiosioyymm cnf^puhnyy liryum 
capiliare, Camplotheciimy hdesr/ms Brachtffheciuni riUahidiny}^ B.fflureosunt *, 
Etrrhffnchitifn swart lii, pioyrilitm, llypnam molhiscam *, //. capressiforfue, 
Hylocomium squarrosum. Where the ground becomes more stony Ditrichum 
flexicaule Funaria, calcarea *, Encalypta vulgaris *, E. streptocarpa *, 
Torlula arnbigua aloides Bryum caespiticiuni, Neckera crispa 

Anomodon viticulosus, Camptotheciuni sericeurn Hypnuni chrysophyllum 
H. hisp'tduhiyn var. somynerfeltii *, occur, but all these are more frequent on 
the actual rock or its soil-cap. 

Other plants which are frequent in damper places are Barbula cylindrica 
Webera albicans, Bryum pallens, Thuidimn recognitmn *, T. philiberti *, 
Ilypnum cuspidatum. 

Some calcicole plants of limestone grassland such as Weisia toriilis and 
C ylindrothecium concinnum are less frequent or local in distribution. 

Polytricha, Rhacomitria, Dicrana, Dicranellae, Mnia, Weberae and 
Plagiothecia are commoner on siliceous grassland, but Dicranum scoparium, 
Mnium stellare, M. hornum, Plagioihecium denticulatum and P. undulatum 
have been met with in abundance on some Carboniferous limestone pasture 
(Castleton). The hepatics of grassland are not abundant. Lophocolea cuspidata, 
L, bideniata and Plagiochila asplenioides are the liverworts most frequently 
found, and show little preference for calcareous or siliceous soil. 

Lichens are occasionally found, usually on bare places but sometimes 
amongst short grass, Cladonia syhatica and C. furcala often being plentiful 
on wind-swept summits. The following lichens are occasional members of this’ 
association : Collema pulposuryi, C, crispum, Collemodirmi turgidimi, Leptogium 
tenuissimum, L, lacerum, PeUigera canina, P. rufescens, P. polydaciyla, 
Cladonia pungens, C, furcata, C. sylvatica. None of these, with the probable 
exception of the (^ollemaceous j)Iants, can be considered as calcicolous plants. 


Assoeiaiion of Limestone Pavements. 


A limestone pavement near Bwlch Owyn in Denbighshire is an excellent 
example, and has been particularly studied in compiling the following list of 
bryophytes and lichens. 


Seligeria calcarea f 
S. pusilla f 

Trichostonium crispiiJimi * a 
var. nigro\nride ♦ f 
Ditrichum flexicaule * n 
var. deiiaum * f 
Dicranoweisia cirrata o 
Grinimia apocarpa a (in dry places the 
apical portion of the leaf has little 
chlorophyll) 

G. pulvinata a 


Fissideris decipiens * f 
Tortilla intermedia * a 
T. muralis a 
var. rupestris f 
Barbula lurida * a 
B, rigidula * a 
B. cylindrica * f 
B. fallax f 
Ji. tophacea * o 
B. hornschuchiana o 
B. revoluta * o 
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Trichostomum tortuosum * a 
T. mutabile v. cophocarpum * o 
Weisia calcarea ♦ o 
W. verticillata * o (moist) 

W. tortilis * o 
W. tenuis ♦ o 
Zygodon mougeotii o 
Bartramia pomiformis o 
Encalypta streptoearjia * a 
E. vulgaris * o 
Funaria calcarea * o 
Orthotrichum anomalum v. saxatile a 
Bryum capillarc a 
var. ferchelii * f 
var. rosulatum o 
Mnium stehare o 

M. rostra turn * a 
Orthothecium iiitricatum o 
X(H;kera complanata o 

N. orispa * a 

var. falcata * a (drier places) 
(Jamptoth(.‘viiiin iutescens * o 
( ^ sericeum f 

Brachythceium velutinuin o 
Amhlystegiiim serpens o 
A. iilicinum * (moist pla(?es) o 
Hypnurn liisjiichdum var. somrm'rh'ltii o 
H. (aipressifonne f 
var. tcctorum f 
H. mollusciini * a 
Ijirgioiiia hypophylla * o 
(Jonoc(iphalum conicnm (inoisl ])laees) o 
lleboulia heniisphaerica * o 
Aneura pinguis o 

Riccia lescuriana o (in liollows wIhm'c 
water stands) 

Pellia fabbroniana * (moist places) <» 
Mt^tzgeria piilx'scens * I 
Lophozia badonsis * o 
L. turbinata o 
L. v(?ritricosa r 


Plagiochila asplenioides o 
Pediiiophyllum interruptum * 1 
Diplophyllum albicans v 
Soapania aspera * f 
Madotheca platyphylla o 
Frullania tamarisci f 
Collema graiiuliferum * f 
C, flacoidura * o 
C. multifidum * f 
C. auric u latum * o 
0. furvum * o 
C. crispum o 

O. pulposum f 
Leptogium lacorum f 
L. pulvinatum f 
Synalissa symphorea * r 
8. iiitricata r 
Solorina saccata * f 
Panriularia nigra * a 
Peltigera canina f 
Xanthoria parietina a 
Scpiamaria crassa * i 
Pla(;odiiim aurantiurn * f 

var. })licatuin * f 

P. muroj-urn, form pulvinatum * o 
Diphratora candicans * f 
T.<('canoi*a campcsti'is * a 

L. galactina * f 
Aspi(;ilia calcarea * a 

A. pri^vostii * r 
Le(ad(*a immersa * a- 
Biatorina cociailea nigricans * a 
liilimbia aromati(;a * o 

B. sabuUdorum o 
Acarospora pruinosa * f 
Vcrrucaria Integra. * f 
V. rupiistris * f 

V. nigr(‘scens * f 
V. calciseda * f 
Thelidium immorsum * o 
Trent epohlia aurca f 


Many slight variations in the actual habitats of these plants are shown, 
some occurring on the rock faces, others on the crumbling sides of the fissures, 
others only in the moister places. Such mosses as Tortula intermedia^ Encalypta 
vulgaris, Camptothecium sericeum, occur on the exposed faces of the rock, whilst 
Fissidens decipiens, Barbula cylindrica, etc. prefer less exposed and damper 
situations. The only, hepatic which occurs at all commonly on the exposed 
surfaces is Frullania, but the lichens are more frecj[uent there than in any 



198 Bryophytes <md Lichetui of Calcareous Soil * 

other situation. Where light-intensity becomes small lichens are absent and 
few bryophytes occur. In a general way the bryophytes and lichens of lime- 
stone pavements are similar to those found on calcareous rocks and walls, 
and a bst of bryophytes and lichens from limestone cliffs would largely consist 
of the same species as have been given above for the limestone pavement. 

A few lichens are able to excrete some acid juice beneath the developing 
reproductive bodies, so that the apothecia lie in small pits. These pits are 
well developed in Thelidium immersum, T. incamtum, Lecidea immersa, 
Vermcwria calciseda, F. integra, V. rupestris and Aspidlia prevostii. In these 
lichens, the acid excretion pits the rock so deeply that only the tops of the 
apothecia can be seen. A smaller amount of pitting also occurs in Lecidea 
metzhri, L. conligua form calcarea, RhizocMrpon calcareum, Arlhopyrenia 
foveolata and Rinodina bischqffii var. immersa. 
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AN ECOLOGICAL SURVEY OF THE HAWAIIAN 
PTERIDOPHYTES 


By VAUGHAN MaoCAUGHEY, 


Professor of Bofan;/, College of Hawaii, Honohda. 


The pteridophytes of the Hawaiian Archipelafijo have been collected and 
studied taxonornically by a considerable number of investigators, the most 
important work being that of Hillcbrand ( 7 ) and Robinson ( 12 ). In this taxo- 
nomic work little or no emphasis has been placed upon the ecological relation- 
ships of these plants. It is the purpose of the present paper particularly to 
consider the latter topic, with special reference to distribution and endemicity. 

In the Hawaiian Islands there are forty -four genera and 190 recorded 
species of pteridophytes. Of these two genera, Dieilia and Sadleria, are 
endemic, and 195 species are endemic. There is no other region in the world 
with so high a percentage of endemicity as Hawaii. Thirty-three species in 
the islands are practically cosmopolitan, being widely distributed thrviughout 
the tropics and sub-tropics; twenty species have the South Pacific as their 
chief station, and six species have the West Coast of America as their distri- 
bution centre. 

Guppy ( 6 ) points out that in Hawaii, Fiji and Tahiti the ^'pteridophytes 
have been largely supplied from the warmer regions of the Old World. Rut 
whilst in the South Pacific the migration has been mainly from Fiji eastward 
to Tahiti, it is probable that Hawaii in the North Pacific has been in part 
independently stocked. Whilst there has been more or less free immigration 
into Fiji and Tahiti there has been comparative isolation in Hawaii. Though 
the areas of the Fijian and Hawaiian archipelagos are about the same, Fiji 
possesses at least half as many species again as Hawaii, but Ha w^aii owns three 
or four times the number of peculiar species. 

‘‘Whilst a large proportion of the pteridophytes are common to all three 
groups, .Hawaii possesses a number of mountain species, widely distributed in 
temperate regions and on the higher levels of mountainous areas in tlie tropics, 
that are not found either in Fiji or Tahiti. Their absence from these two groups 
is due to the insufficient elevation of the islands and to the non-existence there 
of extensive areas of any altitude.” 
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The representation of eenera in the Hawaiian flora, on the basis of number 
of species, is as follows: 


Genkra with 

ENDEMIC 

SPECIES. 

2. Gknkr.\ with no 

ENDEMIC specie; 


Total no. 

No. of 


Total no. 


species in 

endemic 


species in 

Genus 

islands 

species 

Genus 

islands 

Ophioglossuai 

4 

1 

Ptcridium 

1 

Bo try chi um 

1 

1 

PclUca 

1 

Marattia 

1 

1 

Adiantum 

2 

Trichomanes 

5 

1 

Nephrolepis 

2 

Hy menophyll u m 

4 

3 

Odontosorin 

2 

Cibotium 


3 

Microlepia 

2 

Elaphoglossum 

9 

0 

Vittaria 

1 

Ptcris , 

5 

2 

(V^rt)ptcris 

2 

Kistiopteris 

1 

] 

('oniogramme 

I 

DoryopteriH 

2 

2 

Phyrnatodes 

2 

Hypolepis 

2 

1 

Phlobodiurii 

1 

Schizostege 

1 

1 

I’ctdaria 

J 

Diellia 

8 

8 

Noottoptcris 

1 

Odontoloma 

1 

1 

Azolla 

1 

Filix 

J 

] 

Psiloturn 

2 

Dryopteris 

Folypodiuni 

21 

15 

15 

14 



Polystiehiun 

('yrtonilum 

2 

2 

1 



A.spJenium 

38 

27 



Athyrium 

9 

9 



Diplazium 

3 

2 



Sadleria 

7 

7 



Doodya 

1 

1 



I )i(Tan()pteri8 

2 

2 



Seliiziea 

] 

1 



Marsilea 

2 

2 



Lycopodium 

10 

5 



iSfdaginelJa 

4 

2 




It will be noted that tlie most itnportant genera are As])leniuni, Dryopteris, 
Polypodium. Lycopodium, Athyrium and Diellia, Elaplioglossum. The genera 
with no endemic species are relatively recent additions to the flora, an<l arc 
waifs and strays that have arrived from various quarters. 

The distribution of the ferns upon the various islands of the group is very 
significant, and furnishes the most striking corroboratimi of the generally- 
accepted idea ( 1 0) that the westward islands are older, and longer isolated, than 
the eastern. The island of Kauai, the Waianae range on Oahu, East Molokai, 
West Maui, and the Kohala Mountains, Hawaii, are the older portions of the 
archipelago, and it is exactly in these regions that the fern-flora is most 
abundant and diversified. It should be noted in passing that extensive areas 
on all the islands, once forested and fern-habited, are now barren and de- 
forested. Kaudi -contains the largest number of endemic species and varieties, 
and Oahu stands second. These two islands possess more peculiar species than 
all the other islands combined. In the following table the numbers indicate 
the number of species found in the region indicated, and recorded from no 
other part of th(« archipelagf) ; 
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Kaudi only 

19 

Oahu to Hawaii 

2 


Kaui/i and Oahu 

2 

Molokdi only 

1 


Kaudi to Maui 

10 

Maui only 

5 


Kaudi and Maui 

4 

Maui and Hawaii 

5 


Oahu only 

11 

Lanai only 

1 


Oahu and Maui 

0 

Hawaii only 

1 


Oahu to Maui 

3 

AH the larger islands 

120 


The next table shows the geographic ranges of the species 

in a 

repre.senta 

tive Hawaiian genus, Diellia^ all members of which are endemic. 


Kauai Oahu 

Molokai Maui 

Hawaii 

DielHa centrigolia 

X — 

— 


— 

pumila 

— X 

— 



crecta 

X X 

X X 


— 

Aloxandri 

X 

X 



falcata 

X 

X 



laciniata 

X 

— 



Knudsenii 

X 



— 

Mannii 

X — 

— 


— 

iy 3 

1 3 


0 


ITawaii, with an area larger than the combined areas of all the other islands, 
is exceedingly poor in endemic forms. 

Among the species with wide geographical ranges, both in the islands and 
throughout the world, are such as Opliioglmsuni vulgahun, TricJwiHanes far- 
vvlum, Hymenophyllnni recurvunf, Elaphoglossiuh aaaalinv, Pleris longifolw, 
Pieridmm a(iuilvm(iH , Pellcm ternifolia, Adianlunt raj)IItus-ve)ieris, Hypolepis 
panciata, Nephrolepis exaltata, Odontosoria chinensis, Microlepia sirigos((. 
Ceropferis ochracea, Dryopteris parasilica, Phymatodes (dongata, Phlehodw at 
(lureina, Polysfichu})f carvifoliuni, Neottopteris nidvs, AspUniaai unilateralr, 
Dicranopleris linearis, Lycopodiain serrafiun, Psilotinn nvdvm. Contrasting 
sharply with this group are the highly precinctive forms, such as Trichotnanes 
cyrtothent , Diellni Mannii, Dicllia cenirifolia, Dryopleris parvula, Polysdc/uun 
Tlahakalaense, Aspleniuni Kaudiense, Aspleniani Lydgalei, Asphariani nieioto- 
nnrni, Afhyriani Baldivini, Lycopodium Haleakaka . 

The ecological zonation of the fern-flora is of particular interest. The great 
majority of the species, as might readily be expected, inhabit the rain-forests, 
at elevations of 1000 to 0000 ft. Some species, however, are restricted to the 
lowlands, or occur chiefly there, at altitudes of 500 1000 ft, or even at sea-level 
in favourable regions. Examples of this class are Ophioglossu m r()n(drmunr 
A dianium capidlus-veneris, Odontosoria chinensis, Dryopteris propinqua , 
Aspleniutii Macraei, Sadleria cyatheoides, Marsilea rillosa and Psilofum nvdvm. 

A second class includes those species that inhabit the lower forest zone, the 
more open WTjodlands lying approximately betw^een 1000 2000 ft elevation. 
Examples of these are Nephrolepis exaltata, Microlepia strigosa, Vifiaria rigida, 
(Jeropleris calomelanos, Coniogramme fraxinea, Dryopteris nuda, Dryopieris 
cyatheoides, Phymaiodes elongala, Tectaria cicvfaria, Neottopteris nidus, 
Asplenium lumikitum and Athyrium Pioretianum . 

A third class includes those species which are characteristic of the middle 
forest zone — the rain-forests on the mountain slopes wdiich lie between 1800 
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and 3000-5000 ft. The boundaries of this zone are diflScult to define sharply, 
as they vary greatly on the various mountain ranges. On the high mountains 
of Maui and Hawaii for example, this zone is much wider and higher than on 
such islands as Oahu and Kaudi. OpMoglossum fendulum, Botrychium, 
Marattia, TrichomaneSj Hymenophyllum, Cibotium, Elaphoglossum, Pteris, 
Histiopteris, Schizostege, Diellia, Odontotoma, Vittaria, Filix, Dryopteris, 
Poly podium, Phlebodium, Cyrtomium, AspleniurtJ, Athyriuro, Diplazium, 
Sadleria, Doodya, Dicranopteris, Psilotum coniplanatum, Lycopodium and 
Selaginella, are characteristic of this zone. 

The fourth zone is the upper forest. On such islands as Oahu, Kau4i and 
MolokAi, this forest covers the summit ridges and peaks. It is a region of 
torrential rainfall; the annual precipitation averages over several hundred 
inches. The summit bogs or swamplands lie at elevations of 3000-6000 ft; 
some of the summit ridges are at levels of 2000-3000 ft. Many species occur 
at these elevations which are not found at the lower levels. Trichomanes 
radicans, Hymenophylhnn ohhisuiti, numerous species of Elaphoglossum, Pteris 
excelsa, Doryopteris decipiens, Hypolepis punctata, Diella ereeta, numerous 
species of Dryopteris and Polypodium, PolysticJium carvifolium, numerous 
species of Asplenium, Sadleria Sordeytiana, Dicranopteris Harvaiiensis, 
Schizwa rohista, Lyco'podium serratum and Selaginella deflera are typical 
pteridophytes of this wet upper zone. 

The fifth large ecologic zone is that comprehended by the high summits 
(7,000-nearl5’^ 14,000 ft) of Maui and Hawaii ( lO). Hale-a-ka-la, Kea, Loa and 
Hualalai rise far above the wet zone described in the preceding paragraph. 
The ferns that occur in tliis highest zone are xero- or seini-xerophytic in 
character ; several of them occur in many other countries. Pteridivm aquilinum, 
Pelkm ternifolia, Dryopteris paleacea, Polystichum Hakakalaense, Asplenium 
trichomanes, Asplenium adiantum-nigrum, Sadleria spp., Dicranopteris spp. 
are representative of this high .summit zone. 

There are about sixty species of Hawaiian ferns that are habitually 
epiphytic, chiefly on trees and tree-ferns, etc. ; these are confined almost 
wholly to the rain-forest zone. There are fifteen or more species that are xero- 
or semi-xerophytic ; these occur at various levels from arid lowlands and coastal 
situations to the barren summits already mentioned. Eight species attain 
arborescent stature ( 1 1 ), these are chiefly Cibotium and Sadleria. About fifteen 
species are lithophilous, occurring either on detached rocks and boulders in 
the rain-forests, or on dry ledges and rocky shelves. 

The following classification indicates some of the’important representatives 
of the various ecologic groups : 

1. Distinctively hygro phytic. Botrychium, Marratia, Trichomanes, 
Hymenophyllum, Adiantum, Hypolepis, Schizostege, Dryopteris, Polypodium, 
Schizsea, Cibotium, Dqodya, Selaginella, Polystichum, Asplenium, Athyrium, 
Sadleria rigida, Psihtum cmnplanatum. 
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2. Distinctively mesophytic. Microlepia, Ceropteris, Dicrar^ofleris 
linearis, Psilotum ntidum, Ophioglossum concinnum, Elaphoglossuni Wawrce, 
Pteris cretica, Nephrolepis exaltala, Dryopteris ruhiformis, Neottopteris, As- 
plenium Macraei, Asplenium rhipidoneuron. 

3. Distinctively xeeophytic. Pellcea ternifolia, Doryopteris decora, 
Diellia falcata, Diellia pumila, Sadleria cyatheoides, Sadleria Hillebrandii, 
Sadlerid polystichoides, Pleridium, aquilinum, Asplenium trichomanes. 

4. Distinctively hydrophytic. Azolla, Marsilea, Dryopteris prnpinqua. 

Table showing typical ranges. 

(Figures indicate feet above sea-level.) 
r)(K>- 2,000 Neottopteris 
500- 3,000 Psilotum nudum 
500- 5,000 Odontosoria chinensis 

500“ 6,000 Ophioglossum x>endulum, Dryopteris propinqiia 
700- 1,000 Athvrium Poiretianum 
700- 4,000 Sadleria cyatheoides 
800- 1,800 MiOrolepia strigosa 
800“ 9,000 Pteridium aquilinum 
1,000“ 2,000 Athyrium proliferum 
1,000“ 2,500 Poly podium Hillebrandii 

1,000- 4,000 Dryopteris crinalis 

1,000- 5,000 Botrychium subbifoliatum 

1.000- 6,000 Cibotium Chamissoi 

1,500- 3,000 Marattia Douglassii 

1,500“ 4,000 Trichomanes jiarvulum, Elaphoglossiim retieulatiim 

1 ,500- 4,6(K) Dryopteris acutidens 

1.500- 6,0(K) Asplenium rhomboideum 

1,800- 3,000 Pteris excolsa, Doodya Kunthiana 
1,800- 6,000 Polypodium pellucid um 

2.000- 3,000 Elaphoglossum gorgonium, Dryopteris latifrons 

2,000- 4,000 Elaphoglossum nirtum, Dicranopteris glauea 

2.000- 6,000 Polypodium tripinnatifidum, Asplenium rhipidoneuron 

2.500- 4,000 Lycopodium venustulum 

2,500- 7,500 Lycopodium serratum 

3.000- 4,000 Diellia erecta. Polypodium pumilum 

3,000- 5,000 Polypt)dium abietinum, Schizaea robusta 

3.000- 6,000 Elaphoglossum aemulura, Polypodium hymenophylloides 

4.000- 5,000 Dryopteris globulifera 

4.000- 10,000 Asplenium adiantum-nigrum 

5.000- 6,000 Dryopteris parvula. Lycopodium erubeseens 

5.000- 8,000 Pelltea ternifolia 

6.000- 9,000 Polystichum sqq. 

I. OPHIOGLOSSALES, Ophioglossaceee. 

A family of 3 genera and about 50 species, of general distribution. 

1. OPHIOGLOSSUM. 

A genus of about 30 species, of wide distribution; both terrestrial and 
epiphytic. 

1. 0. NUDICAULE Lf. Recorded from Maui and Hawaii only; widely 
distributed in tropical and sub-tropical America, West Africa, India, and the 
South Pacific. 

*2. 0. CONCINNUM Brack. Recorded from Oahu and Maui, appearing after 
rains; often near the sea-shore; endemic. 

3. 0*. VULGATUM L. All islands, 600-6000 ft, hygrophytic ; wide range over 
the Old World, Australia and temperate N. America. 
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4. 0, PENDULUM L. AH islands, epidendrons, in the rain-forests, common ; 
widely distributed from Madagascar through tropical Asia and Australia to 
Polynesia. 

Summary. It is probable that all the species occur on all the islands, 
although evidently more abundant from Kauai to Maui. Altitudinal range 
from sea-level to 6000 ft or more. Hygro- to mesophytic. One endemic species, 
the others wide-ranging. All the forms are closely related. 

2. BOTRYCHIUM. 

A genus of about 20 species, mostly in the Northern Hemisphere, a few 
fo^ms in Australasia; terrestrial. 

/ *5. B. SUBBIFOLIATUM Brack. Rare, on the ground in deep, wet forests of 
/ all the islands; strongly hygrophytic; 1000 5000 ft; endemic. 

The third genus, Helminthostachys, has but one species, which extends from 
the Himalayas to tropical Australia. 

11. MARATTIALBS, Marattiaceae. 

A family of 5 genera: Angiofteris^ 20-30 species, Himalayas to Madagascar 
and Polynesia; Archmigiofteris, 1 species, China; MaraUia, Katdfiissia, 
1 species, kS. Asia and Malaysia; Danaa, 14 species, tropical America. 

3. MARATTIA. 

A genus of 10 or more species, ranging throughout the tropics of the world. 

*6. M. Douolassii (Presl) Baker. Fairly common in moist, shady 
localities on all the islands, 1500 3000 ft; hygrophytic;' endemic. 

Ill, PILICALBS. 

1. HymenophyllaceaB. 

A family of 2 genera and about 200 species, in damp, shady forests through- 
out the tropics, and in New Zealand. One species reaches central Eur()])e, and 
another, Kentucky. 

4. TR1CH()MANK8. 

A genus of about 100 species, chiefly in the tropical zone and damp 
localities of the south temperate zone. 

7. T. Bauerianx'M Endl, Terrestrial, in moist shady forests of all the 
islands; also in Polynesia and Malaysia. 

8. T. PARVULUM Poir. On trees and rocks, all islands, 1500-4000 ft, not 
common ; widely distributed in Polynesia, Australasia, Ceylon and Madagascar. 

9. T. HiJMiLK Forst. On tree-trunks and rocks, in moist woods, all islands, 
not common; also in Polynesia, Java, Formosa, New Zealand and Australia. 

*10, T. CYRTOTHECA Hillebd. Recorded only from Oahu and Maui, above 
1800 ft, in the rain-forests; endemic. 

11. T. RADICANS Sw. Common in the rain-forests of all the islands, above 
2000 ft; in many tropical countries, also Ireland, Wales, west Scotland, and 
southern IkS. to Kentucky. 
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SuMMAiRY. The noil-endemic species occur on all the islands; altitudinal 
range 1200 JiOOO ft (higher in some places). Strongly hygrophytic. One 
endemic species. 

5. HYMENOPHYLLUM. 

A genus of about 100 species; distribution as for Trivh(>nuute><, 

*12. H. Baldwinii Eaton. Precinctive; collected on tiees in tlie rain- 
forests above 2500 ft; endemic to Koolau Mountains, Oahu. 

*13. H. RECITRVUM Gaud. Common, on trees in the rain-forests above 
1800 ft, also on wet rocks; endemic. 

14. H. OBTLTSUM Hook, and Arn. Somewhat rare, on trees in the rain- 
forests, 1500- 5000 ft; also occurs in New Guinea, and (Yxj)(‘ of Good Hojie. 

*15. H. LANCEOLATUM Gaud. Rare; all islands, on trees in the montane 
rain-forests ; endemic. 

Summary. 3 species o<*cur on all the islands; the fourth is highly |>re- 
cinctive. Altitudinal range 1200 6000 ft; strongly hygrophytic. 3 endemic 
species. 

2. CyatheacesB. 

k family of 7 genera and about 300 species, widely distributed through the 
tropics, and far south in the southern hemisphere. The genera are: BalapdNni , 
3 species; Dichcynia, 12; Viboiium, 6--8; Thyrsopleris, 1 ; Cyaihca, 115; Jlcprd 
ielia, 44; and AlHophila, 112. 

(). CIBOTJUM. 

A genus of remarkable distribution: 3 species iji Centjal Amei-ica, 2 in 
Malaya and 3 in the Hawaiian Islands. 

*16. C. Cha.vussoi Kaulf. All islands, 1000 6000 ft, common in humid 
regioiis; endemic. 

*17. (1 Menzjesti Hook. All islands. 1000 5000 ft, not as common as the 
preceding, more hygrophytic; endemic. A stately tree. 

*18. C. olaucum Hook, and Arn. A!! islands, 1000 3000 ft, lai'e, hygro- 
phytie, endemic. 

Summary. The 3 species are all endemic, and occur in the rain-forests of 
all the i8la]ids, ranging from 1000 6000 ft. sometimes lower. 

3, Polypodiaceaa. 

A very large and widely distributed family of about 100 genera and 1000 
species. The larger genera are DryopterLs, 450 species; Polypodivnt, 200; 
Aspleniuni, 150 200; ?JlaphoylmsuiP , 80-100; Adiantuni, 80; Pleris, Blechnum, 
Polysiichnm and Aspidium with 50 70 each. 

7. ELAPHOGLOS8UM. 

A genus, mostly tropical, of 80 100 species, on rocks or epiphytic; widelv 
distributed in tropical and sub-tropical America, Africa, South Atlantic 
Islands, Malaya, etc. 
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19. E. HiRTUM (Sw.) C. Chr. Comraon, all islands, exposed ridges at 2000- 
4000 ft; also along streams in the rain-forests; occurs in many tropical 
countries. 

♦20. E. MiCRADENiUM (Fee) Mdore. Common, all islands, on rocks and 
trees in the rain-forests, 1000-3000 ft; endemic. 

21. E. .®MULUM (Kaulf.) Brack. On trees, 3000-6000 ft, also occurs in 
tropical America, Africa, India, Malaya, Australia. 

*22. E. Wawr^ (Luerssen) C. Chr. In forests and on dry shaded rocks at 
about 4000 ft; common on all the islands; endemic. 

*23. E. RETICULATUM (Kaulf.) Gaud. Comraon, all islands, on tree-trunks 
and rocks, 1500-4000 ft; endemic. 

24. B. GORGONiUM (Kaulf.) Brack. On the ground, on the roots of trees 
and on rotten trunks, all islands, in the rain-forests, 2000-3000 ft, also occurs 
in Tahiti. 

*25. E. Fauriei Copeland. Collected at Pukoo, Molokdi, at 1800 ft; 
endemic. 

*20. E. CRASSICAULE Copeland. Collected on Kaudi; endemic. 

*27. E. Rockii Copeland. Collected at Punaliiu, Koolau Mountains, Oahu, 
in the rain-forest; endemic. 

Summary. 6 of the 9, species occur on all the islands; 3 are known only 
from single islands, Kauai, Oahu and Molokai. Altitudinal range 1000-6000 ft. 
Strongly hygrophytic. 0 species are endemic; 2 others are cosmopolitan, and 
the other occurs also in the South Pacific. 

8. FIERIS. 

A genus of 60 or more species, in all warm and tropical regions; most 
abundant in E. Asia, Malaya and Melanesia; mostly on stones, etc., in moist 
woodlands. 

28. P. EXCELSA Gaud. Common, on all islands, in damp gulches at 1800 - 
3000 ft, often with irregularis-, also occurs in N. India, Malaya and Fiji. 

29. P. CRETICA L. Comraon, on all islands, on ground and trees; occurs 
throughout the tropics and sub-tropics. 

*29 a. var. decurrens Hillebd. Recorded from Oahu and W. Maui; 
endemic. 

*30. P. IRREGULARIS Kaulf. Fairly common, all islands; in forests and 
deep gulches, 1000-3000 ft, hygrophytic; endemic. 

*31. P. Hillebrandi Copeland. Recorded from Kaudi and East Maui, in 
hygrophytic and semi-hygrophytic situations ; endemic. 

32. P. LONGIFOLIA Ij. Collected at Wailuku, Maui; a cosmopolitan 
species. 

Summary. It is likely that all the species occur on all the larger islands. 

2 species and 1 variety are endemic. The altitudinal range is 1000-3500 ft; 
mostly hygrophytic, sometimes mesophytic. 
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9. PTERIDIUM. 

A monotypic genus of 1 cosmopolitan species, which with its varieties 
occurs throughout the north temperate zone, from the arctics to the tropics. 

33. P. AQUILINUM (L.) Kuhn. Common on all islands from 800 9000 ft. 
in some places — Kea and Loa — even higher; great variability as to stature. 

10. PELL^A. 

A xerophytic genus of abovit 55 species, of wide geographic distribution, 
chiefly in Africa, Andean America, Malaya and Melanesia; usually found upon 
rocks. 

34. P. TKRNiPOLlA (Cav.) Link. Common, all islands, 5000-8000 ft; some- 
times at lower levels, in dry, exposed places ; ranges over the high Andes from 
Chili north to Texas. 

11. HISTIOPTERLS. 

A monotypic genus widely distributed over the tropics and southern hemi- 
sphere, Australasia, Polynesia, etc. 

*35. H. INCISA (Thunb.) Ag. Reported only by llillebrand, rare; Waianae 
Range, Oahu; endemic. 

12. DORYOPTERIS. 

A genus of about 20 species, mostly in tropical America and Africa, some 
Malayan, some cosmopolitan in the tropics. 

*36. D. j>ECiPiENS (Hook.) J. Sra. All islands, common, on rocks and 
along streamways, at HXK) ft and above; endemic. 

*37. I). DECORA Brack. All islands, on exposed rocks at about 2000 ft on 
the dry lava fields of Kona and Ka-u, Hawaii; endemic. 

13. ADIANTUM. 

A genus of 80 90 species, throughout the tropics, but most abundant iii 
tropical America; a few in the temperate zones. Delicate ferns, inhabiting 
moist, shady localities, often on wet cliffs. 

38. A. CAPiLLTJS- VENERIS L. Common, all islands, on ground or w'ct rocks, 
particularly in humid ravines; common in many tropical and temperate 
regions. 

39. A. CUNEATUM L. and F. Collected at Kealia, Kauai; cosmopolitan. 

14. HYPOLEPIS. 

A genus of about 12 species, widely distributed in all warm countries. 

40. H. PUNCTATA (Thunb.) Mett. Summit swamps of Oahu, Molokai, and 
West Maui; strongly hygrophytic; also occurs in Japan, China, Malaya, 
Australasia and Polynesia. 

*41. H. FLACCIDA (Hillebd) Robinson. Locality uncertain, probably as 
for ‘punctata; endemic. 

15. SCHIZOSTEGE. 

A small genus of 1 Hawaiian and 2 Philippine species; resembles Cheil- 
anthes. 
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*4:i. S. l^YDGATEi (Bak.) Hillebd. Tn the rain-forests, near waterfalls; 
strongly hygrophytic; Oahu and West Maui; endemic. 

10, DIELLIA. 

An (mdenric Hawaiian genus of at least 8 species, with numerous varieties. 
As Hillebrand states, the species form a connected group, highly interesting 
as it exhibits a twofold line of development, from simple to very complex 
pinna?. 

*43. D. CENTRiFOLiA (I'lillebd) Robinson. Known only from Kauai. 

*44. 1). euMiLA Brack. On exposed ciiffs, Oahu only; rare. 

*45. 1). ERECTA Brack. Kau4i to Maui, 3000 4000 ft; uncommon. 

*40. 1). Alexanohi (Hillebd) Diels. Kauai and East Maui only; several 
varieties of uncertain status. 

*47. D. fai^cata Brack. Dry, open summit ridges, Oahu and West Maui. 
*48. I). LACiNiATA (Hillebd) Robinson. Known only from Kau^i. 

*49. D. Knudsenii (Hillebd) Diels. Known only from Kauai. 

*50. D. Mannji (Hillebd.) Robinson. Known only from Kau4i; 2000 
3000 ft. 

Summary, ft is significant that 4 of the 8 species are known only from 
Kauai; 2 others occur on Kauiii and Maui; 1 on Oahu only; and 1 on Oahu and 
Maui. None are known from Hawaii; the apparent absence from Molokai may 
be due to lack of exploration. The habitats range from semi-xcrophvtic 
situations to the rain-forest, most abundant in the latter. Altitudinal ranges 
are from 1800 4500 ft. 

17. ODONTOLOMA. 

A genus of about 30 species, widely distributed in the tropics; about one- 
third of the species American, the remainder in Malayan and other tropical 
regions. 

*51. 0. Mackaeanum (Hook.andArn.) Brack. Common on all the islandsr 
wide-creeping on trees in the rain-forests; endemic. 

18. NEPHROLEPIS. 

A genus of about 10 species, terrestrial or epiphytic, mostly in the tropics; 
some in the W\ Pacific sub-tropics. 

52. N. CORDIFOLIA (L.) Presl. On ground and on trees; in many tropical 
countries, Japan and New Zealand. 

f)3. N. EXALTATA (L.) Schott. Very common epiphyte on trees, in the 
lower and middle forest zones; common in many tropical countries. 

19. ODONTOSORIA. 

A genus of about 10 species, extending from Madagascar through Asia to 
Japan and Polynesia; some species in tropical America and West Indies. 

54. 0. C.'hinensis J. Sm. An exceedingly common fern, on all the islands, 
500 5000 ft, sometimes higher; also abundant in many tropical countries. 
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20. MICROLEPIA. 

A genus of 10 species, 1 widely distributed throughout the tropics and sub- 
tropics, the others in Polynesia, and South-eastern Asia. 

55. M. STRioosA (Thunb.) Presl. Abundant on all the islands, on the out- 
skirts and in open glades of the lower forest zone, 800-18000 ft; common in 
many warm countries. 

56. M. SPELUNC^ Moore. Not common, but apparently on all the islands; 
also in many warm countries. 

21. VITTARIA. 

A genus of 10-20 species, epiphytic in tropical forests. 

57. V. RioiDA Kaulf. Common on trees and rocks in the lower and middle 
forest zones, all islands; occurs throughout Polynesia. 

22. FILIX. 

A genus of 5 or more species, delicate rock ferns, mostly in temperate and 
boreal regions; several tropical. 

* 58 . F. Douglasii (Hook.) Robinson. Recorded from Hawaii, Oahu and 
Maui; rare; in the rain-forests and up to 6000 ft; endemic. 

23. CEROPTERIS. 

A genus of about 20 species, mostly in tropical S. America ; several poly- 
morphic forms in the high Andes ; several in S. Africa. 

59. C. OCHRACEA (Presl) Robinson. Common on all the islands, in moist 
places; also in tropical America, Costa Rica and Natal. 

60. C. CALOMELANOS (L.) Link. Common in moist open places, all islands, 
also in the West Indies and S. America. 

24. CONIOGRAMME. 

A genus of 2 or more species, quite variable; native to the tropics of Asia 
and the Pacific. 

61. C. PRAXiNEA (Don) Diels. Terrestrial, in moist places in the lower and 
middle forest zones, all islands, 1500-4000 ft; also in China, Japan, and other 
regions. 

25. DRYOPTERIS. 

A large and diversified genus of about 350 species, of wide geographic 
distribution. 

*62. D. GLOBULiFERA (Brack.) Kuntze. All islands at elevations of 4000- 
5000 ft; strongly hygrophytic ; endemic. 

63. D. PALEACEA (Sw’.) Robinson. Fairly common on the higher parts of 
Kau4i, E. Maui and Hawaii ; also occurs from Mexico to Peru. 

*64. D. Ptrsco-ATRA (Hillebd.) Robinson. Summit regions of Kauai, 
Molokii, Maui and Hawaii; endemic. 

*65. D. NUDA Underwood. Fairly common in the lower and middle forest 
zones of all the islands; hygrophytic: endemic. 
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*66. D. GLABRA (Brack.) Kuntze. All islands, at high altitudes, 4000- 
5000 ft; endemic. 

*67. D. PAEVULA Robinson. Kauai only, 5000- 6000 ft; hygrophytic; 
endemic. 

*68. D. LATiFRONS (Brack.) Kuntze. Fairly common, all islands, 2000- 
3000 ft, in the rain-forests, hygrophytic; endemic. 

69. D. SQtiAMiGERA (Hook. and Arn.) Kuntze. Somewhat rare, Kauai to 
Maui, 1800-4000 ft; also in Fiji and Tahiti. 

*70. D. HawaIiensis (Hillebd) Robinson. Summit bogs and ui)pcr rain- 
forests, all islands; Mauna Kea at 4000-.5000 ft; endemic. 

*71. D. rubioinosa (Brack.) Kuntze. On all islands at elevations of 3000 
-4500 ft; strongly hygrophytic ; endemic. 

*72. D. H 0 NOLULENSI.S (Hook.) C. Chr. On all islands at elevations of 
2000-4000 ft, in the rain-forests; endemic. 

*73. D. CRINAU.S (Hook, and Arn.) C. Chr. Fairly common, all islands, in 
the rain-foreats at 1000- 4000 ft; endemic. 

*74. D. keraudreniana (Gaud.) C. Chr. Occurs in the forests of all the 
islands, most abundant in the district of Harnakua, Hawaii; of indefinite 
growth, sustaining its “extraordinary length by means of the circinnate tips 
which twine around the branches of neighbouring trees or shrubs.” Endemic. 

*75. D. RUBIFORM 1 .S Robinson. All islands, in open places on the moun- 
tain slopes; mesophytic; endemic; growth habit like 74. 

*76. D. acutidens C. Chr. All islands, along streams, 1500-4600 ft, and 
in the rain-forests; endemic. 

77. D. ITNIDENTATA (Hook. and Arn.) C. Chr. All islands, in the rain- 
forests at 1800-4000 ft. Several ecological variations are common. 

78. D. Sandw'icensis (Hook, and Arn.) C. Chr. In the forests of all the 
islands, also occurs in Fiji and Pitcairn. 

79. D. PROPiNyuA (R. Br.) Gilb. Very common in lowland swamps and 
deserted taro-patches, all islands; also in the rain-forests to elevations of 5000 
ft; common in swamps in many tropical countries. 

80. D. PARASITICA (Ij.) Kuntze. All islands, in open places between 4500- 
5000 ft; hygrophytic; occurs in many places in the tropics and sub-tropics and 
New Zealand. 

81. D. CYATHEOiiJE.s (Kaulf.) Kuntze. Common in the lower forest zone 
and ravines, all islands; also in New Guinea and Sumatra. 

*82. D. STEGNOORAMMOIDES (Baker) C. Chr. Not common, all islands, 
along streams and in the forests ; endemic. 

83. D. TRUNCATA (Poir.) Kuntze. Fairly common, all islands, in the lower 
and middle forest zones; hygrophytic; a wide-ranging species, extending from 
N. India, Ceylon, Malaya and Polynesia to Brazil. 

Summary. Of the 21 species of Dryopteris, 18 may be found on all the 
islands ; 1 is known only from KauAi; 2 have irregular distribution. 15 species 
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are endemic. Most of the species are notably hygrophytic, and inhabit the 

rain-forests from 1000-6000 ft. 8 species are confined mainly to the upper 

forests, above 4000 ft 3 species are cosmopolitan forms. 

26. POLYPODIUM. 

® . 

A cosmopolitan genus of about 200 species, including ferns of every 
habitat; rnos£ abundant in the tropics; many epiphytic. 

84. P. Hookeri Brack. All islands, epiphytic on trees, not common; 
occurs throughout Polynesia. 

*85. P. Knudsenii Hieron, Epiphytic on trees, summit regions of Kauai, 
4000-5000 ft ; endemic. 

*86. P. PUMiLUM Robinson. Epiphytic ; summit ridges of Oahu, 3000-4(KX) 
ft; endemic. 

*87. P. P8EUDOURAMM1TIS Brack. Very common, all islands, epiphytic on 
trees; endemic. 

*88. P. Haalilioi.anum Brack. Uncommon, all islands; epiphytic on 
trees at elevations above 1800 ft; endemic. 

*89. P. Saffordii Maxon. Common, epiphytic on trees at elevations 
above 1800 ft; endemic. 

*90. P. SARMENT08UM Brack. Common in the rain-forests, on mossy tree- 
trunks, rocks, decayed logs, etc. ; endemic. 

*91. P. ADENOPHORUS Hook. and Am. Fairly common in the rain-forests 
above 2000 ft; epiphytic and hanging in graceful festoons from the trunks of 
trees; endemic. 

*92. P. PELLXJCIDUM Kaiilf. Common on all the islands, on the ground and 
on tree- trunks, at 1800-4}0()() ft. This species is extremely polymorphous, and 
occupies a wid-e range of habitats; endemic. 

*93. P. HYMENOPHYLLOIDE8 Kaulf. Rare, all islands, epiphytic on trees 
at 3000 6000 ft elevation ; endemic. 

*94. *P. ABiETiNUM Eaton. Rare, all islands, epiphytic on trees in the 
rain-forests at 3000-5000 ft; endemic, 

*95. P. Hillebrandii Hook. Rare, all islands, in the lower forests, at 
1000 2500 ft; on the ground and on trees; endemic. 

*96. P. TAMARI8CINUM Kaulf. Commoii, all islands, in the rain-forests; 
on the ground and on trees; endemic. 

*97. P. tripinnatifidum (Gaud.) Presl. All islands, in the forests above 
2000 ft; Haleakala to 6000 ft; endemic. 

*98. P..R 0 CKII Copeland. In the rain-forest, Koolau Mountains, Punaliiu 
district, Oahu; endemic.. 

Summary. Of the 15 species, 14 are endemic and 1 occurs throughout 
Polynesia. 1 species is known only from Kau4i, 2 others from Oahu only. The 
altitudinal range is 1000-6000 ft; there are considerable variations from this 
range. Most of the species are epidendric and hygrophytic, and abound in the 
wettest parts of the rain-forests. 
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(P. PHYMATODES L. TMb species does not occur in the Hawaiian Archi- 
pelago, but is very common at Palmyra Island, both epiphytic and on the 
ground.) 

27. PHYMATODES. * 

A tropical genus of 12-15 species, mostly epiphytic. 

99. P. ELONGATA Presl. Common, all islands, on trees and rocks in the 
forests; occurs in many tropical countries. 

100. P. .SPECTRUM (Kaulf.) Presl. Not common, on trees and rocks in 
shaded situations; also occurs in Sumatra. 


28. PHLEBODIUM. 

A small tropical and sub-tropical genus, mostly epiphytic; like Phyrnatodes 
this genus is often included in Polypodimn. 

101. P. AUREUM (L.) J. Sm. Recorded only from Kauai; on ground and 
on trees; also West Indies, Florida, Mexico and Brazil. 


29. POLYSTICHUM. 

A cosmopolitan genus of about 75 species, mostly coarse and rigid terrestrial 
forms ; many polymorphic forms. . 

102. P. CARViEOLiUM (Kuntze) C. Chr. Summit regions of Kaudi, West 
Maui and Landi; occurs on high plateaus of China, Japan, Polynesia and 
Australia. 

*103. P. Haleakalaense Brack. Rare, high mountains of Maui and 
Hawaii, 6000-9000 ft; endemic. 

*104. P. Hillebranuii Carruth. Chiefly the high mountains of Maui and 
Hawaii, perhaps other islands at 3000 5000 ft; endemic. 

Summary. These 3 species all occupy high mountain stations and scmi- 
xerophytic habitats. 

30. CYRTOMIUM. 

A small genus of about 10 species, distributed throughout the tropics, and 
in sub-tropical mountains. Often united with Polystichum. 

*105. C. Boyjuae (Eaton) Robinson. All islands, on rocky ledges along 
streams; endemic. 

106. C. CARYOTIDEUM (Wall.) Presl. All islands, in the rain-forests; also 
in India and Polynesia. 


31. TECTARIA. 

A small tropical genus, often included in Polyslichum . 

107. T. CICUTARIA (L.) Robinson. All islands, common in the lower forest 
zone, particularly in ravines, on damp rocks; occurs throughout the tropics.- 

32. NEOTTOPTERIS. 

A small genus of 10 or more species; epiphytic, with fleshy, orchid-like 
roots, occurring in the forests of tropical Africa, Asia, Australia and Polynesia. 
Often included in AsfUnmm. 
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108. N. NIDUS (L.) J. Sm. The well-known “bird’s-nest fern’’ abundant in 
the lower forest zone of all the islands, up to 2000 ft, both as an epiphyte, and 
on the ground; widely distributed in tropical Asia, Australia, Madagascar and 
Polynesia. Very abundant at Palmyra, mostly terrestrial, where it forms, 
acccjrding to Rock, the entire undergrowth in the interior of most of the islets. 

33. ASPLENIUM. 

A large genus of 160-200 species, of world- wide distribution, most abundant 
in the temperate zones, but with many tropical and sub-tropical species. 

109. A. UNILATERALE Lam. Common, all islands, on trees and rocks, in 
humid shaded situations : also occurs in Mauritius, China, Japan and Polynesia. 

*110. A. RHOMBOiDEUM Brack. Mountains of Maui and Hawaii, 1500- 
3000 ft, Haleakala 6000 ft; endemic; closely related to Andean species. 

111. A. LUNULATUM Sw. Coiumon in the lower forest zone of all islands, 
also in many tropical countries. 

112. A. MONANTHES L. All islands, at elevations of 3000-6000 ft; also in 
S. America, N. Africa, Azores, Madeira. 

113. A. TRiCHOMANES L. Oil the high mountains of Maui and Hawaii, 
from 5000 ft upwards to the limit of vegetation; spread over the temperate 
regions of nearly the whole world, and the high mountain regions of many 
tropical countries. 

*114. A. PAVONTCUM Brack. All islands, in moist, shady forests, not 
CO m m on ; e n dera ic . 

*115. A. PSEUDO-PALCATUM Hillebd. In the rain-forests of all islands, 
common; endennc. 

*1 16. A. Kaulfussii Schlect. In the higher rain-forests of all the islands* 
endemic. 

*117. A. KauAiense (Hillebd) Robinson. Kaudi only, in the rain-forest; 
endemic. 

*118. A. ENATiTM Brack. Kauai to Maui, in the rain-forests; endemic. 

*119. A. Hillebrandii C. Chr. KauAi and Oahu only,. variable; in the 
rain-forests; endemic. 

*120. A. OONTIGUUM Kaulf. All islands, in the rain-forests, at medium 
elevations; endemic. 

121. A. caudatum Forst. Kauai to Maui; occurs in many tropical 
countries. 

*122. A. NiTiDULUM Hillebd. All islands, rare; in the rain-forests; 
endemic. 

123. A. HORRIDUM Kaulf. All islands, common in the forests, also common 
in the South Pacific. 

*124. A. QLABRATUM Robiuson. KauAi and Oahu only, in the rain- 
forests; endemic. 

*126. A. LOBULATUM Mett. All islands, in the rain-forests; endemic. 
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126. A. VAKIANS Hodf. and Grev. Maui and probably other islands ; also 
occurs in Africa, Ceylon, China and Japan. 

*127. A. Macraei Hook, and Grev. All islands, on the ground in open 
woodlands, particularly in lower zones ; endemic. 

*128. A. Lydgate I Hillebd. Known only from Niu and Wailupe Valleys, 
Oahu; endemic. 

*129. A. Goldmannii Underw. Known only from Oahu ; endemic. 

*130. A. ACUMINATUM Hook. and Arn. Kau4i to Maui, in the rain- 
forests; endemic. 

*131. A. RHii'iDONEURON Robinson. All islands, in open exposed places 
at 2000-6000 ft ; mesophytic ; endemic. 

132. A. iNSiiiciUM Brack. All islands, in the rain-forests; also occurs in 
the Philippines and New Caledonia. 

133. A. CUNEATUM Lam. Kauai and Maui; also in Samoa, Fiji, the 
Philippines, and the West Indies. 

*134. A. PARALLELUM Baker. Known only from Niu Valley, Oahu; 
endemic. 

*135. A. PATENS Kaulf. Oahu. and Maui; endemic; rare. 

136. A. ADiANTUM-NiGRUM L. Kau4i, Maui and Hawaii, at 4000-7000 ft 
elevation; hygrophytic; variety 6e/a occurs only on high mountains of Maui 
and Hawaii, 7000-10,000 ft; widely distributed throughout the tropics and 
sub-tropics. 

*137. A. VEXANs Heller. Oahu only, slope of Kona-hua-nui, above Manoa; 
rare, in the rai n -forests ; endemic. 

*138. A. SCHIZOPHYLLUM C. Chr. All islands, in the rain-forests, both on 
the ground and on trees; endemic. 

*139. A. SPHENOTOMUM Hillebd. Kau4i, Maui, Hawaii, 4000-5000 ft, in 
high summit rain-forests, .strongly hygrophytic; endemic. 

*140. A. Knudsenii Hillebd. Known only from Kaudi, rare; endemic. 

*141. A. MEIOTOMUM Hillebd. Known only from Niu Valley, Oahu; rare; 
endemic. 

*142. A. POLYODON Porst. Collected at Olokele, Kau4i and Glenwood, 
Hawaii, elevation 2000 ft ; endemic. 

*143. A,. CooKil. Copeland. Collected at Waimea, Kau4i, elevation 3500 
ft; endemic. 

*144. A. SECTUM (Hillebd) Copeland. Collected at Waimea, Kau4i, and 
on Maui, elevation 3500 ft; endemic. 

*145. A. MiRABiuE Copeland. Collected at Keinia, Kau&i, elevation 1000 
ft; endemic. 

*146. A. NEPHELEPHYLLUM Copelaiid. Collected at Waimea, Kauai, 
elevation 3600 ft; endemic. 

Summary. Of the 38 species represented in the islands, 27 are endemic; 
11 occur also in other regions; 5 are cosmopolitan species. 22 species are 
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localised or preoinctive; 11 occur only on a single island — Kaudi or Oahu. 
The altitudinal range is from 800 ft up to the limit of vegetation. Some 
species are confined to the summit regions, but the majority are distributed 
through the rain-forests. The majority are strongly hygrophytic; a few are 
mesophytic or even xerophytic. Some species are highly polymorphic and 
present many intergrading forms. 

34. ATHYRIUM. 

A genus of about 25 species, almost cosmopolitan, many in the mountains 
of East Asia, and throughout North Ameriea. 

♦147. A. DEPARioiDES (Brack.) C. Chr. All islands, in the rain-forests; 
exceedingly variable; endemic. 

*148. A. PROLIFERUM (Kaulf.) C. Chr. All islands, humid woodlands at 
1000-2000 ft; endemic. 

*149. A. PoiRETTANUM (Gaud.) Presl. All islands, in the rain-forests, 700- 
1000 ft, sometimes higher; endemic. 

♦150. A. Baldwini (Hillebd) C. Chr. Kauai only, summit rain-forests, 
above 3500 ft; endemic. 

♦151. A. ESCULENTUM (Retz.) Copeland. Collected on Kauai; endemic. 
♦152. A. MARGiNALE (Hillebd) Copeland. Oahu (2(500 ft), Molokai, 
Hawaii; endemic. 

♦153. A. Mauianum Copeland. Collected at Makawao, Mauri, 2()00 ft; 
endemic. 

♦154. A. Kaalaanum Copeland. Collected at Kaala, Kauai; endemic. 
♦155. A. PSEUDOARBOREUM (Hillebd) Copeland. Mahana Valley, Lanai, 
2200 ft, in damp, shady situations; endemic. 

Summary. All of the Hawaiian species are endemic; 3 occur on all the 
islands, 3 on Kauai only, 1 on Maui only, 1 on Taiiiai onl}*, and 1 from Oahu to 
Hawaii. They are largely confined to the rain-forests, at elevations of 1000 
4000 ft. 

35. DIPLAZIUM, 

A genus of 60-70 species, occurring throughout humid tropical and sub- 
tropical regions. Robinson states that the Hawaiian species of Diplazium form 
a very natural group. 

*156. D. Fenzlianum (Leurs.) C. Chr. Kauai to Maui, occurring only as 
isolated individuals in the rain-forests; endemic. 

♦157. D. arboreum (Hillebd) Robinson. In very humid ravines in the 
rain-forests, Kau4i to Molokai; very rare; endemic. 

158. D. Sandwichianum (Presl) Diels. All islands, in the rain-forests; 
also occurs in Peru. 

36. SADLERIA. 

An endemic Hawaiian genus of 7 or more species, well-known as a pioneer 
on the lava-flows. 
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*169. S. SouLBYTiANA (Gaud.) Moore. All islands, in the dense rain-forest 
at elevations above 2000 ft. 

*160. S. CYATHEOiDES Kaulf. Very common on all the islands at the lower 
elevations, 700-4000 ft, in both hygrophytic and xerophytic habitats. Robin- 
son states that this species also occurs in Sumatra (?) ! 

* 161 . ,S. Hillebeandii (Hillebd) Robinson. All islands, in xerophytic 
exposed situations. This is one of the first species to establish itself upon the 
lava flows. It is a notably drought-resistant species. 

*162. S. POLYSTICHOIDES (Brack.) Heller. Not common, all islands, in 
forests on the lower mountain slopes ; often xerophytic. 

*16$, S. UNisoRA (Baker) Robinson. Kaudi only, on the rocky walls of the 
very hygrophytic summit plateau. 

*164. S. Fauieri Copeland. Collected in Kalihi Valley, Oahu, in the rain- 
forests; elevation 2000 ft. 

*l65. S. RioiDA Copeland. Reported from the summit ridges of Wai-ale- 
ule, Kau&i, 4500 ft, and also from the summit of Lanai; hygrophytic. 

Summary. 4 species occur on all the islands; 1 is known only from Kau&i, 
1 from Oahu, and 1 from Kau4i and LanA.i. The ecological range is very great, 
from extreme xerophytism to extreme hygrophytism. The species are most 
abundant in the rain-forests. 

37. DOODYA. 

A genus of 4-5 species, occurring in the eastern part of the Old World, 
from Asia to Malaya, Australasia, Melanesia and Polynesia. 

*166. I). Kunthiana Gaud. All islands, common along the streamways. 
and in wet woods at i800--3000 ft; endemic. 

4. Oleiclieniaceae. 

A xerophytic family of 2 genera and about 30 species, widely distributed 
throughout the tropics, and in the south temperate zone. 1 genus, monotypic, 
is confined to New Caledonia ; the other is well represented in Hawaii. 

38. DICRANOPTERIS. 

A genus of 25 or more species, abundant in many tropical countries, 
in sub-tropical Last Asia, and also in moist situations in the southern 
hemisphere. 

*167. D. HawaLensis (Thunb.) Underw. All islands, rare, at elevations 
of 3000-6000 ft; endemic. 

168. D. GLAUCA (Thunb.) Underw. All islands, here and there at eleva- 
tionspf 2000-4000 ft, nowhere abundant; also occurs in Japan, China, Malaya, 
tropical Australia and Polynesia. 

*169. D. EMAROTNATA (Brack.) Robinson. All islands, on open mountain 
ridges; endemic. 
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170. D. LINEARIS (Burm.) tJnderw. The “Stag-horn” or Uluhe, forming 
extensive and well-nigh impenetrable thickets; all islands at 600-3000 ft, in 
open situations ; occurs in all tropical countries. 

5. SchizasaoesB. 

A family of 4 genera and 70 species, mostly tropical, rare in colder regions. 
1 species reaches Newfoundland. Plants of diverse form and habit. 

39. SCHIZiEA. 

A genus of about 20 species, mostly tropical ; endemic species occur in many 
* regions. 

*171. S. ROBUSTA Baker. Rare, in summit bogs of Kauai, Oahu and West 
Maui, probably also in Molokdi and Kohala, Hawaii; at altitudes of 3000 ft 
and over; in swamps and on trees; occasionally in exposed situations; endemic. 

40. OSMUNDACEiE. 

A family of 3 genera, not represented in the Hawaiian Islands. 

6. SalviniacesB. 

A family of small, floating aquatics; 2 genera and 15 species — 4 in Azolla 
and 11 in Salvinia. Widely distributed throughout the world, but mostly 
tropical. 

172. Azolla sp. This form has been introduced in recent years into the 
lowdand regions of several of the islands, particularly Oahu. 

7. MarsiliacesB. 

A family of 2 genera and 00 species, inhabiting marshes or aquatic. 
0 species belong to Pihdarin, 54 to Marsilm. Of general distribution, but 
mostly tropical. 

41. MARSILEA. 

A genus of over 50 species, widely scattered throughout the warmer regions 
of the world. 

*173. M. viLLO.SA Kaulf. Lowlands of various islands, particularly Oahu; 
wet and marshy places, such as old taro patches, fairly common ; endemic. 
*174. M. CRENULATA De.sv. Known only from Oahu; endemic. 

IV. BQUISBTALES. 

Not represented in the Hawaiian flora. 

V. LYOOPODIALBS. 

1. LyoopodiaoeeB. 

A family of 2 genera— Phylloglossum, 1 species in Australia, Tasmania and 
New Zealand; Lycopodium, about 100 species, scattered over all parts of the 
world except extremely xerophytic regions. The majority of epiphytic species 
are tropical; several terrestrial species extend to the Arctic Circle. 

42. LYCOPODIUM. 

The Hawaiian species are both epiphytic and terrestrial. 



21S An Ecological Smveg the Hmmimn Pt^ridophytes 

\ 

176. L. SBBRATUM Thunb. All islands^ fairly eommon, on tree-trunks in 
the rain- forests, at 2400-7500 ft; also occurs in Japan, Bast Indies, India, 
Polynesia, Mexico. The species is notably variable. 

*176. L. EKUBESCENS Brack. Hygrophytic regions of Kau&i and East 
Maui, 6000-6000 ft; endemic. 

♦177. L. Haleakalae Brack. Hygrophytic regions on Maxii, at about 
500 ft; endemic. 

178. L. PHLEGMAMA L. Known only from Maui; also occurs in Mauritius, 
India, Australia and Polynesia. 

179- L. CERNUUM L. Common, all islands, in open glades and along out- 
.skirts of the forests, forming thickets; common in many tropical countries. 

*180. L. NUTANS Brack. Rare, all islands, epiphytic on trees, 2000-3500 
ft, in the rain-forests; endemic. 

181. L. PHYLLANTHUM Hook. and Arn. Common, all islands, in the rain- 
forests, epidendrous, pendulous ; also occurs in India, East Indies, Tahiti and 
Samoa. 

182. L. VOLUBILE Forst. Collected only by Menzies, on Hawaii, probably 
on Mauna Loa ; occurs in the South Pacific. 

*183. L. VENUSTULUM Gaud. All islands, not common, on summit-ridges 
and upper regions, 2500-4000 ft; endemic. 

*184. L. POLYTRICHOIDES Kaulf. All islands, not common, epidendrous, 
at elevations of 2000-4000 ft; endemic. 

Summary. 5 of the 10 species are endemic. 6 species occur on all the 
islands; 2 are known only from Maui; 1 only from Hawaii; 1 from Kauai and 
Maui. The altitudinal range is 1000 7500 ft; the species are most abundant in 
the rain-forests. 4 or more species are epidendrous. 

2. Psilotaoeae. 

A family of 2 genera: TmeMpleris, 1 species confined to Australasia, and 
the following. 

43. PSILOTUM. 

A small tropical and sub-tropical genus of 2 or more species, widely dis- 
tributed. 

185. P. NUDUM (L.) Griseb. Common, all islands, 600-3000 ft, both on the 
ground and on trees ; a wide range of habitats, from xerophy tic to hygrophytic, 
chiefly the latter; occurs in many tropical countries. 

186. P. COMPLANATUM Sw. All islands, in the rain-forests, epidendrous; 
not common, also occurs in Malaya, Polynesia and the West Indies. 

8. Selaginellaoesa. 

One genus with about 500 species, widely distributed but mostly tropical. 
The majority are hygrophytic, but a few-^ are xerophytic. 
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44. SELAGINELLA. 

*187. S, DBFLEXA Brack. Rare, all islands, at high altitudes, in summit 
bogs and rain-forests, at 3000-6000 ft; in the swamps and on trees; endemic. 

*188. S. ARBUSCULA Spring. All islands, in the rain-forests, endemic. 

189. S. Menziesii Spring. Fairly common, all islands, in the middle forest 
zone; also occurs in Fiji and S^oa. 

*190. S. Springii Gaud. All islands, in hygrophytic regions, 2000 3000 ft 
elevation; endemic. 
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ON THE HABITATS AND FREQUENCIES OF SOME 
MADEIRA BRYOPHYTES 

By ELEONORA ARMITAGE. 

These notes on the habitats and frequencies of some Madeira bryophytes 
apply only to the southern side of the island lip to 4500 ft (circa 1390 m.). 
The data were obtained from January to March, 1909. 

Geo»raphy and Geology 

Madeira, one of the Atlantic Islands, lies 320 miles (circa 530 km.) ofE the 
coast of Africa; Funchal, on the south, is situated in lat. 32° 37' N., and long. 
17° W. The island is about thirty miles long and twelve broad (50 x 20 km.), 
and is the top of a huge volcanic mountain rising from the bed of the ocean 
which here attains a depth of 13,000 ft (3,900 m.). The gradient is extremely 
steep everywhere, the island rising as one mountain block, culminating in a 
number of peaks from 5000 to 6000 ft (circa 1540-1840 m.) high at a distance 
of only six niiles from the sea. 

The island is chiefly composed of a dark coloured basalt. Where the rock 
decomposes, forming the mountain soil, it is called “ cascalha” The rock 
sections on the lofty sea-cliffs, some of them reaching 1900 ft sheer out of the 
sea, are well seen from the small steamers plying from one port to another., 
A much contorted arrangement of volcanic rocks is shown, coloured red, 
yellow, brown and purple. The rocks are seamed throughout with narrow 
vertical dykes of grey igneous material. The soil on the lower slopes of the 
island and on the volcanic hills near the coast is a very fertile tufa, called 
“ Pedra molle.’' It is red, yellow, or deep crimson in colour and is particularly 
suitable for vine culture. 

Climatic and Edaphic Factors. 

The mountain sides are seamed with precipitous ravines. The mean annual 
rainfall is 30 inches (circa 75 cm.), most of it falls in the winter months; and 
owing to the steepness, much of the disintegrating rock and soil is yearly 
washed into the sea. After a few hours of heavy rain the sea is coloured red 
for some distance out from Funchal roadstead. 

The mean winter temperature is 60° F. (circa 16° C.). 
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The north and south sides of the island differ considerably in climate. 
Clouds laden with moisture roll up from the sea on the north and condense on 
the mountain tops, producing much rain on the north side. Here the popula- 
tion is scanty, and the vegetation is more in the primeval condition which 
obtained throughout the uninhabited island when it was discovered by 
Portuguese navigators in 1419. They named it ‘‘Madeira,” Portuguese for 
“ wood,’^ from its forest-clad aspect. In the steep northern ravines some of the 
ancient indigenous forest remains, Hollies, Junipers and several trees of the 
Laurel type. On the south the Portuguese colonists cleared and burnt it, 
replanting with Oak and Sweet Chestnut. Almost all these trees have been 
cut down for fuel and timber work, and now on every available mountain slope 
the quick-growing maritime Pine {Pinus pinaster) is planted to supply the 
needs of the thickly populated south side. 

During winter the rain-clouds and mists constantly roll down from the 
mountain tops (where snow lies for a couple of months) on to the south side, 
veiling the summits above 4000 ft and rendering impossible the investigation 
of the northern side, as the passes are very high. 

Bryophyte Communities. 

The distribution of the Bryophyta will be considered under the following 
zonal divisions : 

I. Sea-level to 1500 /if (460 m.). There are very few bryophytes in this 
zone; owing to the dryness of the soil and the elaborate cultivation, every yard 
of land that can be is terraced and cropped with food plants; but shady walls 
carry a few species. 

II. 1500-3000 (460-920 m.). Here we have wayside and woodland 

species along the paths and tracks leading up to the higher region and in the 
afforested areas. 

III. The Ratnnes {Ribeiras), 1000 to 4000 ft (310-1230 m.). Here are found 
some of the most interesting rock and stream-bed species, but owing to the 
extremely precipitous character of the sides of the ravines, the absence of 
tracks, and the difficulty of climbing about in them, much of these narrow 
gorges is inaccessible. 

IV. Open monniains, 2000-4500 ft (620-1390 m.). The turf and rock- 
growing species of open drier country are met with here, also epiphytes on 
trees and shrubs. 

In studying the following lists it will be observed that a very large pro- 
portion both of the mosses and of the liverworts are found in the fruiting 
condition in Madeira, this is indicated by “c. fr.” after the name in mosses 
and “c. per.” in hepatics. The usual frequency symbols are used: a. ^abun- 
dant, f.=frequent, o. -occasional, r.=rare, v.r.==^very rare. An asterisk pre- 
ceding the name of a moss or hepatic at its first mention indicates that it 
had not been recorded for Madeira previously. 
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I. Sea-level to 16(K) feet. 

(a). On damp walls, generally in shade, and on wall tops. 
Mosses : 


Funaria hygrometrica c. fr., f. 

Tortula muraliB o. fr., o. 

♦Dicranella hekwinalla r.^ 

*Wei8ia calcarea r. 

Hepatics : 

Corsmia marchantioideB c. per., f. 
I’lagipchasma rupostre c. per., f. 

Lunulatia cruciata c. per., f. 

Marchantia polymorpha o. 

(b) On damp earth by road-sides. 
Mosses: 

Aiiomobryum juliforme o, 

Bryum atropiirpureum c. fr., o. 

♦Dicranella canariensis r. 


^Weisia calcarea v. mutica c. fr., r.® 
♦Bryum erythrocarpum c. fr., r. 

B. murale r. 


♦FosBombronia pusilla o. per., o. 
♦Frullania dilatata o. 

♦Riccia glauca r. 

♦R. glauoa var. ciliata r. 


♦Fissidens incurvus c. fr., r. 
♦Braohythecium rutabulum c. fr., r. 
Brachymenium Philonotula c. fr., v. r. 


II. ]rm to SOOO feet. 

(a). On shady mountain ground, mostly under oak and pine trees. 


Mosses : 

Campylopus polytrichoidee c. fr.^, f. 
Fissidens taxifolius f. 

Pogonatum aloides c. fr., f. 
Homalothecium sericeum f. 
Braohythecium illeoebrum c. fr., f. 
B. pui‘um f. 

Hypnum cupressiforme f. 
Campylopus fragilis c. fr., o. 
Fissidens serrulatus c. fr., o. 

Bryum Donianum o. 

Hepatics : 

Corsinia marchantioides e. per., f. 
Lunularia cruciata c. per., f. 
Gongylanthes ericetorum f. 
Saocogyna viticulosa f. 

CalypOgoLa fissa f . 

♦ Aueura sinuata c. per., o. 
Fossombronia angulosa c. per/, o. 

F. pusilla c. per., o. 

Plagiochila spiuulosa o. 

Lophocolea bidentata o. 


Mnium undulatum o. 

Polytriohum juniperinum o. 
Eurhynchium praolongum o. 

E. Stokesii o. 

E. oonfertum o. fr., o, 

Fissidens viridulus c. fr., r. 

F. palhdicaulis r. 

Braohythecium rutabulum e. fr., r. 
Hypnum canariense r. 

♦Fissidens atlanticus v. r. 

♦Lophocolea heterophylla o. 

Scapania compacta o. 

♦Madotheca laevigata v. Thuja o. 
Anthoceros dichotomus o. 

♦Riccia commutata r. 

♦Fossombronia caeapitiformis c. per,, r. 
Marsupella emarginata r. 

Nardia hyalina r. 

♦Cephalozia bicuspidata r. 

Madotheca canariensis r. 


^ A form bearing peculiar red translucent bulbils, figured in (a). 

• This variety is also found on the curious deposit of blown sand, known as the Fossil beds, 
aUbear Cani^al. 

• This very interesting member of the Bryaceae has hitherto been met with in only two other 
localities, Madagascar and Usambara in Central Africa; it is known from two stations in Madeira. 

• Fruit extremely rare, previously only known from Portugal. 
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(b) . In damp places by the Levadas (concreted aqueducts, bringing 
water for irrigation from high mountain springs). 

Mosses .■ 

Philonotis rigida o. fr., f. Bryum gemmiparum o. 

Brachythecium illeoebrum f. Polytrichum commune o. 

B. purum f. Brachythecium riviilarc o. 

Brynm pseudo- triquetrum o. *Barbula cylindrica c. fr., r. 

(c) . On open ground and bare earth and banks. 


Mosfies : 

Trichostomum mutabile c. fr., f. 

Webera Tozeri c. fr., f. 

Pogonatum aloides c. fr., f. 

Weisia viridula c. fr., o. 

Bryum argenteum o. 

B. alpinum v. meridionalc o. 

Pogonatum nanum c. fr., o. 

Pogonatum piliferum c. fr., o. 

Hejmtics : 

Gongylanthes ericetorum f. 

Plagiochasma rupestre o. 

Lunularia cruoiata o. 

Fossombronia angulosa c. per., o, 

F. pusilla c. per., o. 

HI. Ra vines 

(a) . On the drier rocks. 

Mosses : 

Ptychomitrium nigricans c, fr,, a. 
Bartramia stricta c. fr., a. 

Philonotis rigida c, fr., a. 

Ptychomitrium polyphyllum c. fr., f. 
Anomobryum juliforme c. fr., f. 

Bryum platyloma c. fr., f. 

Anaectangium compactum o. 
Amphoridium curvipes c. fr., o. 

Webera Tozeri e. fr., o. 

Hepatics : 

Targionia hypophylla c. per. , a. 
Plagioehasoia rupestre c. per., f. 

Frullania polysticta f. 

Corsinia marohantioides c. per., o. 

(b) . On the wetter rocks and on 
Mosses : 


♦Pleuridium subulatum e. fr., r. 

Ceratodon purpureus r. 

♦Weisia crispata c. fr., r. 

Trichostomum crispulum e. fr., r. 
♦T. mutabile v. littoralo r. 

Eritosthodon Templetoni c. fr., r. 
♦Bryum capillare c. fr., v. r. 


Aplozia crenulata c. per., o. 
Diplophyllum albicans c. per., o. 
Anthoceros dichotomus c. per., o. 
Cephalozia bicuspidata r. 

(]()0(b 4()()0 feet). 


Bryum canariensc o. 

Pleuropus sericeus o. 

Hypnum cupressiforme v. lilifornic o. 
Hedwigia ciliata c. fr., r. 

Timmiella barbula c. fr., r. 
Trichostomum mutabile v. littorale r. 
♦T. flavoyireiis r. 

Leucodon Treleasii v. latifolium c. fr., r. 
♦Eurhynchium circinatum r. 

Reboulia heraisphaorica o. 

Frullania dilatata o. 

Radii la Lindbergii r. 

♦R. Bommiilleri r. 

stones in the streams. 


Fiasidens taxifolius f. ♦Hypnum cuspidatum o. 

Eucladium verticillatum v. angustifolium o. Haplodontium Notarisii c. fr., r. 

Webera Tozeri c. fr., o. Philonotis marchioa r. 

Bryum canariense o. fr., o. Hypnum riparium v, longifoiium c. fr., r. 

B, gemmiparum o. 
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Hepatics: 

Fosaombronia angulosa c. per., f. Conocephalum conicum o. 

^uthoceros dichotomus c. per., f. Marchantia polymorpha o. 

♦Reboulia hemisphaerica o. 


IV. Open mown/mm* (2000-4500 feet). 


(a). On the open turfy stretches. 
Mosses : 

Rhacomitrium beterostichum c. fr., a. 
Brachythecium illecebrum c. fr., f. 
Hypnum cupressiforme f. 

Poly trichum juniperinum c. fr., o. 

P. commune o. 


Homalothecium sericeum o. 
Brachythecium purum o. 

Eurhynchium Stokesii o. 

Hypnum cupressiforme v. ericotorum r. 
H. canariense r. 


( 6 ). 

Mosses: 

Rhacomitrium- heterostiohum c. fr. 
Grimmia trichophylla o. 

♦G. azorica p. 

Bryum alpiuum v. meridionalc o. 
Hematics : 

Aplozia ctenulata c. per., o. 
Diplophyllum albicans c. per., o. 

(c). Epiphytes, 

Mosses; on Lauras Cawtriensis: 
Ptychomitrium polyphyllum c. fr., o. 
Ulota calvoscens c. fr., o. 


Rhacomitrium aciculare c. fr., o. 

Hypnum cupressiforme v. filiforme r. 
Rhacomitrium canescens v. ericoides r. 
•Grimmia trichophylla v. meridionalis v, r. 

Madotheca Thuja r. 


•Orthotrichum l^yellii r. 

Homalothecium sericeum v. Mandoni r. 


On mountain rocks and bare open ground. 

a. 


On bushes of Vaccinium tiiuderense 3-4 feet high. 

Antitrichia curtipendula f. Ulota calvescens c. fr., r. 

Hepatics: on Quercus pedunculata, Raduh, Lindbergii r; on Yaccinium. 
muderense, Frulkmia gernmmi v. r. ; this rare species is known only from the 
British Isles and the Faroe Islands. In ( 1 ) this plant was named F. Teneriffae. 


Many of the species and most of the genera here enumerated are also found 
in Britain, several of them representing the southern element of our flora as 
found in the south-western districts of Ireland and England, and in the 
Channel Islands. 

So far as I can ascertain, 171 species and varieties of mosses, and 76 of 
hepatics, are recorded altogether from Madeira. Mr H. N. Dixon pointed out 
to me the interesting fact that while about 80 per cent, of th^ mosses are also 
British, the remaining 20 per cent, are mostly of quite a different range. The 
following notes, kindly contributed by Mr Dixon for the mosses and by 
Mr Macvicar for the hepatics, indicate the distribution of the non-British 
forms in my collection from Madeira. M, Madeira, C, Canaries, A, Azores. 
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Mosses: only known in M., Arnphoridiuni curvipes, Haplodotiiium Notnrisii, Homalothe- 
chcm sericenrn v. Mandoni, Leucodon Treleasei v. latifolium (species found in M., (1, A.)- 
Dicranella rxinariensis M., C. Fissidens atlaniicus M., A. (irimynia azorica M., C., A. Hypnuni 
mnariense M., C., A,, Newfoundland, possibly Ireland. Fissidens pailidicaulis M., C., N. 
Italy. Ptychomiirium nigricans M., C., A., S. Portugal. Brachytneniuni Philoiwiuld M., 
Usambara, Madagascar. Bryum platyloma M., C., A., Algeria. B. alpinnm v. meridional e 
M., C,, A., Portugal (Cornwall). Z?. canariense M., 0., A., Portugal, Corsica. Eucladium 
verticillatum v. angustifoUnm M., C., 8. Spain (species very widely distributed). Grimmia 
Irichophylla v. nieridiomile M., Norway, Caucasus, Tunis, Algeria, (California. Timniiella 
Barbnla M., (\, S. Europe, Asia Minor, Pe7\sia, Abyssinia. Philonolis marchica M., Mid 
Europe, . Japan, (Caucasus, Algtjria, N, America. Ulofa calvescevs^ known from the British 
and Atlantic Islands, has lately been found in Portugal. 

Hepatics: Corsinia marclianiioides M., C., Algiers, France, 8pa<in, Portugal, Switzcr hind, 
Italy, Corsica, Sardinia, Louisiana, Japan. Plagiochasma rupesfre M., C., A., Spain, Portugal, 
Italy, Sicily, Dalmatia, Greece, Abyssinia. Go 7 igylanthes ericelormn M., C., Algiers, Spain, 
Portugal, France, Corsica, Italy, Dalmatia. Madotheca canariensisM .9 C., Portugal. Radula 
BornmnUeri M., C. Frullania polystricta M., C., A. 

The thick-tissued frondose hepatic genera, Corsmia, Targionia, Plagio- 
chasma. Reboalia, and dry, tufted mosses such as CTrimtniae, Rhacomitria, 
Ptycliomitria and some Trichostoma, are the dwellers on arid rock; on the 
open uplands the grey cushions of Rhacomitrnmi heterostichunf are very 
striking from the excessive development of the long white hair-point of the 
leaves, useful in checking transpiration; Ha'plo(lontiu})( and several Brya are 
found on the moist shaded rocks in ravines; Bartraada sirida and Targionia 
hyfophijlla were found on dry basaltic rocks in close proximity, just as in this 
country they grow together (in Radnorshire for instance) in like conditions; 
the epiphytic species are noteworthy on the infrequent arboreal and fruticose 
vegetation of the higher mountain slopes; while the distribution of the other 
forms of mosses and of the foliose and some frondose hepatics closely follows 
that with which we are familiar here, in woodland and wayside habitats. 
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ON THE RARITY OF CERTAIN HEATH PLANTS 

IN BRECKLAND 

By HAROLD JEFFREYS. 

The heathland in the north-west of Suffolk is well known to be abnormal 
among English heaths in certain of its environmental relations, the most 
striking of these being the extraordinary severity of the biotic attack, the 
friability of the soil, and the extensive wind erosion^. At the same time the 
flora is somewhat pecxiliar, several plants occurring which do not grow on 
heaths elsewhere in England, while on the other hand certain plants that are 
generally distributed on heaths in other parts of the country are absent or 
rare in Breckland. Two of these, Deschamfsmjlexuosa and Agrostin canina, are 
mentioned byTansley®. Nardus slricki, the principal domina nt on grass heaths 
in Northumberland and Durham, is also extremely rare if not totally absent. 
It was thought desirable to investigate experimentally whether these facts 
were due to some specific quality in the environment; or whether the plants 
considered had merely never been introduced and would be quite capable of 
holding their own when they had once appeared®. For this purpose six clumps 
of Nardus and Deschampsia were brought from Waldridge Fell, in the county 
of Durham, and transplanted to a typical Breckland heath at Cavenham. 
Agrostis canina was not considered, both because it is at best of somewhat 
local occurrence, being absent in particular from the north-east Durham 
heaths, and because even where it occurs it is never dominant, whereas the 
other two grasses are dominant over considerable areas. 

The specimens were transported with due precaution against waiting on 
the journey, and the original soil was retained. Further precautions were 
needed in planting them, for it was known from observations in the north 
that these plants are both attractive to rabbits, and if attacked by them before 
becoming well established they might be pulled up bodily*. They were there- 
fore planted in pairs in wire cages in different parts of the heath, and.it was 
intended that if the plants became established when protected, the cages 
should then be altered so that one clump in each was exposed to the attack, 

1 B. P. Panew, this Joitenal, 1915 ct seq. “ Types of British Vegetation, p. 97. 

® W. M. Rliid, in The Flora of Suffolk, 1889, records Nardus horn Mildenhall and Tuddonham, 
hut I have not seen it on any heath near. Deschampsia is not recorded from the vicinity. 

< J uncus squarrosus, transplanted without protection into a rabbit-attacked region at 
Waldridge, was not pulled up, though attacked, and established itself. The heavier attack at 
Cavenham, however, increased the need for protection. 
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the remaining clumps remaining protected and serving as controls. Tlie 
netting employed was of one-inch mesh, and each cage was made in three 
pieces, two forming two opposite sides, while the other two sides and the top 
were in another piece. The advantage of this construction was tliat when it 
was necessary to expose half of the cage, it could be done easily by cutting the 
long strip and folding it so as to make a new side. Three cages were erected 
on April 9th, 1915, one being on the dry grass heath, one in a fairly open place 
surrounded by bracken, and the third in a swampy area dominated by Agrostu 
alba. Care was taken that each contained two pieces of both Nardvs and 
Deschamrpsia . 

In the cage on the dry grass heath neither of the introduced grasses pro- 
duced leaves or flowers again. Their death was not due to a change in the solid 
constituents of the soil, for they were on the same soil on wdiich they were 
Well established at Waldridge; it was therefore concluded that it was caused 
by some change in the climate or the ground water, reduction of water being 
the most likely cause in view^ of the dryness of the locality. During the summer 
it was noticed that Agrostis vulgaris and Festura ovina, the co-dominants on 
the grass-heath, flowered freely inside the cage, but not outside. At the same 
time the Agrostis leaves near the dead Nardus clumps were broad and fully 
three times their length in other parts of the cage: the diflhrence may be 
attributed to the reduction of evaporation by the presence of the Nardus straw, 
or perhaps to nutrient matter introduced with it. The effect of dead Agrostis 
leaves in increasing the size of new stems and leaves, observed in the experi- 
ments of E. P. Farrow, indicates that the former explanation is adequate. 

In the cage among the bracken, five fronds appeared during the first 
summer, two being well grown and three small. The latter grew up later in 
the summer. The herbage around the cage was very sparse and heavily 
attacked by rabbits; but inside it Agrostis vulgaris leaves attained a length of 
eight inches and Festuca ovina six inches. Both were grow ing very strongly. 

The Nardus in one clump produced a few leaves; otherwise neither it nor 
the Deschampsia showed any sign of life. Even this clump did not survive till 
the next summer. The conditions here also were therefore physiologically 
unsuited to these plants. This is somew^hat remarkable, as Deschampsia is the 
usual sub-dominant among sparse Pteris in the north of EnglamD; some new 
factor is indicated. Possibly the shallow roots of the plants from the fairly 
compact coal-measure sandstone soils were unable in the dry spring of 1915 
to reach an adequate supply of water; yet downward growth in the friable soil 
of Cavenham is usually rapid, and further evidence is needed before the cause 
of the failure of Deschampsia flexuosa can be determined. 

In 1916 only one bracken plant appeared in this cage. It succeeded in 
piercing the wire at the top, and grew to a height of eight inches above it. 
The cage was packed wdth a dense growth of Agrostis vulgaris and Festuca ovina, 
1 Cf. this Journal, 4 , 1916, pp. 174-195; 5, 1917, pp. 129-154. 

15—2 
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and there was no sign of the introduced plants. The next year the bracken 
had disappeared. As the principal cause of the spreading pf bracken over the 
grass heath is the rabbit attack, the natural suggestion is that the removal of 
this cause had reversed the advantage in competition formerly held by the 
bracken. Yet competition between the aerial parts did not cause the defeat of 
the bracken, for it always overtopped its competitors. Root competition 
therefore seems more likely. Had the bracken disappeared the first year, it 
might be thought that in the erection of the cage its rhizomes had been de- 
stroyed ; but the fact that it reappeared in the first year and did not finally 
disappear till the third shows that this was not the cause. 

The most interesting results were given by the cage on the wet agroatetum. 
The dominant over most of this is Agroslis alba, which is always eaten short 
by rabbits. Mixed with this are clumps of Erica tetralix, within which plants 
of Molinia coerulea grow. The water table when the transplantation was 
carried out was two inches below the surface, whereas in the other areas it was 
very much deeper, certainly some feet below. The ground was never sub- 
merged for long periods, so that Nardus would not be destroyed in this way^. 
The water is brown, humous and acid, and is drained away by a small stream 
some yards off. In the cage situated on this the Nardus established itself 
quickly. On June 12th it was in full flower, some spikes projecting a height of 
three inches above the top of the cage. A week later these tall stems had been 
eaten off level with the top. Many shorter ones however did not reach the 
top, and fruit was produced in due course. On October 18th the cage was 
altered so that half of it was exposed to rabbit attack, the other half remaining 
protected. A week later there had been no change in the appearance of the 
vegetation, but in three weeks it was eaten short, showing that rabbits may 
delay for some time before making use of a newly available source of food. 
The clump of Nardus was destroyed, and has shown no further sign of life. 
In the protected part it is still holding its own (1918) but does not seem to be 
spreading, and no seedlings are visible. Some leaves of Deschampftia flexuosa 
appeared during the first summer, but it did not flower and did not survive 
till the next year. It is likely, therefore, that Nardus might be able to hold its 
own on the wet ground in the absence of rabbits; while their abundance at 
Cavenham affords an adequate reason for the absence of this grass. Des- 
cJmmpsia flexuosa is not suited to the conditions of these localities. 

Meanwhile changes were taki ng place in the original vegetation within the 
cage. Erica tetralix is not usually attacked by rabbits, and accordingly it was 
not perceptibly affected by enclosure. On the other hand the other dominant, 
Agrostis alba, grew much ranker and closer in the cage than outside. Its leaves 
in June 1915 were three inches long inside, whereas those outside attained 
only one inch. A month later it had nearly filled the cage, growing quite as 
high as the Erica. After half the cage was exposed, it was there soon eaten 

* Cf. thi.s Journal, 5, 1917 , pp. 134 -,'). 
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short, forming a lawn-like carpet similar to its original state. The change of 
height produced by enclosure was not due to the diminution of transpiration, 
for a very slight wind caused the stems to vibrate inside the cage, showing 
that the passage of air through it was practically unimpeded. The whole of 
the alteration may be attributed to rabbit attack. The associated plants also 
underwent certain modifications. Scirptis setaceus appeared and flowered, 
though it is very rarely seen in normal conditions at Cavenham. Radiola 
millegrana and Anagallis leneUa, both previously present, increased much in 
quantity, the latter adopting a suberect habit on account of the height of the 
surrounding Agrostia, Poa amnia, P, praiemLs, Festuca. ovina,, Loius Hiajor and 
JuncuH bufoniu.H also flowered within the cage, though none of them did so 
outside. 

It may be mentioned that so far as the appearance of the ground water and 
the conditions of drainage are concerned the artia where this experiment was 
carried out closely resembles certain places at Waldridge, which arc dominated 
by Molinia and Carex goodenoum. Both of these plants are attractive to 
rabbits; and it is probable that biotic attack is the cause of their limited dis- 
tribution at Cavenhani. Eight of the associated species mentioned by Farrow 
occur also in the Molinietum at Waldridge, which confirms the suggested 
relation between the two associations. Erica telralix and Agrostis alba are 
probably selected from the nornjal vegetation of this ty})e of soil to become the 
dominants on rabbit-infested ground, the former on account of its unattractive- 
ness and the latter on account of its readiness to adopt a low habit and form a 
carpet. 

Summary. 

On the two drier areas examined, Nardus and Deschanipsia Jlexu(hsa are not 
capable of flourishing, probably on account of the conditions of water supply. 
Nardus could in the absence of rabbits hold its own on the damper ground, 
and its non-occurrence at Cavenhani is caused by rabbit attack. At the same 
time maii}^ of the plants round tlie small meres are forced to become dwarf 
and unrecognisable, and the actual flora is probably much richer than is yet 
known. Molinia would be likely to become dominant in the absence of rabbits. 
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A PROPOSED CLASSIFICATION IN ANIMAL ECOLOGY 

By a, B. KLUGH. 


{Queen^s University, Kingston, Canada,) 

Since in animal ecology we have no such fjlassilication of habitats as that of Warming 
in plant ecology 1 venture to bring forward an outline of classification which I have used in 
the field for three years. I have found that this classification meets (jonditions as they exist 
in Eastern Canada, and 1 now bring it forward in order that it may be discussed and 
amended by ecologists of wider experience than myself and by those who are working in 
regions where habitats exist which are not represented in Eastern Canada. 1 shall be 
extremely glad to receive criticisms, suggestions and additions, and I hope, when such have 
been incorporated, to publish the outline in its amended form. 


Hydrothkric Formation, Fresh-water. 
Intermittent Stream Association. 

Temporary Rapids Consocies. 
Temporary Pool Consocies. 
Permanent Pool Consocies. 
Crenicolus Association. Spring Brook. 
Potamicolus Association. Rivers aiid 
Creeks. 

Swift-flowing Sub-association. 
Rapids Consocies. 

Pool (yonsocies. 

Slow-flowing Sub-association. 

Silt Bottom Consocies. 

Sandy Bottom Consocies. 
Submerged Vegetation Consocies. 
Limnioolus Association. Lakes. 

Plankt on Consocies. 

Deep-water Consocies. 

Stony Shores Consocies. 

Sandy Shore Consocies. 
Submerged Vegetation tbnsocies. 
Tiphicolus Association. Ponds. 

Temporary Pond Sub-association. 
Permanent Pond Sub- association. 
('Hear Bottom Consocies. 
Chara Consocies. 

, Submerged Vegetation Conso- 

oies. 

Thalassithkrio Formation. Marine, 
Pelagic Association. 

Abyssal Association. 

Littoral Association. 

Muddy Shore Consocies. 

Sandy Shore (bnsocies. 

Rocky Shore Consocies. 
Sub-Littoral Association. 

Muddy Shore Consocies. 

Sandy Shore Consocies. 

Rocky Shore Consocies. 

Tide- pool Association. 


Helotherio Formation. Marsh. 

Telmicolus Association. Fresh- water Marsh. 
Aquatic Stratum. 

Emerging Vegetation Stratum. 
Pontohelicolus Association. Salt Marsh. 
Helodriotherio Formation. Swamp- 

Aquatic Stratum. [thicket. 

Shrub Stratum. 

Hylithbrio Formation. Forest. 

Black Spruce- Tamarac Association. 
Sphagnum Stratum. 

Shrub Stratum. 

Tree Stratum. 

Elm -Ash Association. 

Ground Stratum. 

Herb Stratum. 

Shrub Stratum. 

Tree- trunk Stratum. 

Maple- Beech Association. 

(Strata as above.) 

Spruce-Birch Association. 

(Strata as above.) 

Pino- Hemlock Association. 

(Strata as above.) 

Oak- Pine Association. 

(Strata as above.) 

PoiTHKRic Formation. Grass-land. 

Liemonicolus Association. Moist Grass- 
land. 

Psilicolus Association. Prairie. 
Driodithbrio Formation. Dry Thicket. 
Ground Stratum. 

Herb Stratum. 

Shrub Stratum. 

Steiritheric Formation. Barrens. 
Actetheric Formation. Strand, 

Amnicolus Association, Sandy Strand. 
Aigicolus Association. Stony Strand. 
Ememitherio Formation. Sand. 

Thinicolus Association, Shifting Dunes. 
Amathicolus Association. Sandy Plain. 
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NOTICES OF PUBLICATIONS OF GENERAL 

BEARING 

STUDIES ON SOILS AND MINERAL SALTs!" 

Russell^ E. J. and Appleyard, A. ‘‘The atmosphere of the soil.” Journ. 
Agrio, Science^ Vol. vii. 1915-16, p. ]. 

Investigations carried out on Rothamsted soils have led to the recognition of two soil 
atmospheres, one, the free atmosphere occupying the pore-spaces of the upper six inches of 
soil, and another, of very different composition, dissolved in the surface films of water and 
colloids on the soil particles of the same region. The free atmosphere is similar in composition 
to ordinary atmospheric air, but differs from it in two respects, slightly in regard to com- 
position and markedly in respect to c^onstancy of eonstitution. It contains rather less oxygen 
and more carbon dioxide and nitrogen than ordinary air and is liable to periodic fluctuations 
of composition — especially seasonal — which are doulitless determined by the effect of cor- 
responding fluctuations in external conditions on the activities of the microorganisms of the 
soil. The dissolved atmosphere, on the other hand, is almost devoid of oxygen and consists 
mainly of carbon-dioxide with some nitrogen. This dissolved atmosphere supplies the 
conditions for anaerobic life and its recognition makes it possible to conceive of anaerobic 
activities going on side by side with those aerobic changes common to drained cultivated 
soils, which we arc accustomed to think of as providing essentially aerobic conditions, 

Hutchinson, H. B. and McLennan, K. “Studies on the lime-require- 
ments of certain soils.” Journ. Agric. Science, Vol. vii. 1915 -16, p. 75. 

A method is described by which the degree of acidity of soils may be estimated by 
determining what is called by the authors the Time reip-iirement,’ namely, the amount of 
calcium bicarbonate required to render the soil water alkaline. A number of acid soils from 
heaths and commons apparently similar but l>earing different types of vegetation were in- 
vestigated by means of this method and it was found possible to classify them in terms of 
acidity and vegetation. It is pointed out that the conventional method of soil analysis 
with reference to lime content is frequently at fault and fails to give an index to observ'ed 
differences in the vegetation. The method described is a simple one and is worth the atten- 
tion of ecologists. 

Hendrick, J. and ogg,w.a. “ Studies of a Scottish drift soil.” Journ. 
Agric. Science, Vol. vn. 1915-16, p. 458. 

A contrast is pointed out between the glacial drift soils of the north of Scotland composed 
of slightly weathered materials and those of south-eastern .England, the mineral particles 
of which have been subjected to age-long weathering. Great caution is needed in applying 
conclusions based on a study of soils of the latter type to glacial drift soils of the com- 
paratively unweathered type. 

Prescott, J. A. ‘‘The plienomenon of absorption in its relation to soils.” 
A resume of the subject. Journ, Agric, Sciencxi, Vol. viii. 1916, p. 111. 

An historical review of the literature and experimental work dealing with absorption by 
soil of salts and colouring matters in solution. The fact of such absorption has been on record 
since the time of Aristotle, who noted that sea-water‘ lost some of its taste by filtration tlirougb 
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sand. The acidity of certain soils has been attributed by modern workers to absorption 
phenomena rather than to the presence of free organic acids and there is a tendency in 
recent soil work to associate all soil absorptions with the general phenomena of adsorption. 
The part played by different soil- constituents in the various kinds of . absorption observed 
is still unknown but it is stated by the author of this paper that “probably we are working 
towards a more precise definition of available plant foods based on our knowledge of how 
the soil absorbs them in the first instance.” 

Llpman, C. B., Burgess, P. S, and Klein, M. A. “Comparison of the 
nitrifying powers of some humid and some arid soils.” Journ. of Agric. 
Research, Vol. vii. No. 2, 1917, p. 47. 

It has been stated on the authority of Hilgard (IfiOO) that nitrification is especially 
active in arid soils. As the result of an extended experimental study of arid soils in California 
the authors of the present paper reach a differcnl eon(;lusion, holding that there is no evidence 
that the nitrifying powers of soils are more intense in arid regions than they are in humid 
regions. 

Sharp^ L. T. and Hoagland^ D. R. ‘^Acidity and adsorption in soils as 
measured by the hydrogen electrode.” Journ, Aqric, Research, Vol. Vii. 
No. 2, 1917, p. 123, 

The authors of this pape^r hold that “soil acidity should not be set apart and considered 
as a phenomenon unrelated to the ordinary concepts of acidity.” Tliey have investigated 
the acidity, i.e. th(^ H-ion concentrations, in various soil suspensions and soil extratts, using 
the hydrogen (electrode method and an apparatus modified from that of Hildebrand (191J3). 
Experimental data, were also secured with respect to the lime requirements of soils and the 
so-called “adsorption of bases.” They conclude that soil acidity is due to the presence of an 
excess of hydrogen ions in the soil solution and that direct evidence of thi.s can be given by 
hydrogen-electrode measurements. Several phases of “adsorption” phenomena were 
studied and some general theoretical considerations bearing on the relation of adsorption to 
chemical reactions in soils are presented in the paper. An electrometric method for the 
determination of the lime requuements jii soils is suggested and a convenient method de- 
scribed for utilizing the hydrogen electrode in soil studies. 

Wyatt, P. A. “ Influence of calcium and magnesium compounds on plant 
growth.” Journ. of Agric. Research, Vol. vi. 1910, p. 589. 

There is coiitlictiug tn idence as to the of compounds of these truitals on plant growth 
und<n* erop conditions and as to the necessity for a delinite ('aO/MgO ratio for optimum 
growth (Loew, 1892). Among other results the authors found experimentally that the erop 
yields and the ratio of calcium to magnesium in the plants have no direct relation to the 
ratio in the natural carbonates applied. They found also that different ratios of calcium to 
magnesium within rather wide limits produced no marked differences in yields and that all 
the plants grown (wheat, soy beans, alfalfa and cow peas) showed tolerance of calcium and 
magnesium salts. 

Headley, T. B., Curtis, E. W. and Scofield, C. S. “Effect on plant 
growth of sodium salts in the soil.” Journ. Agric. Research, Vol. vi. 
1916, p. 867. 

During the reclamation of a tract of salt land in Nevada, laboratory experiments were 
made to determine the degrees of tolerance of certain plants to the common salts of sodium. 
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The values obtained showed that the limit of tolerance is not a fixed point but is extremely 
variable, and that the same plant may show marked differences in tolerance at different 
periods of growth. The facts make the problem of reclamation of siK!h land a very compk^x 
one. M. C. R. 


THE WATER RELATION. 

Briggs, Ii. J. and Shantz, H. !■. “Daily transpiration during the normal 
growth period and its correlation with the weather.” Journ. Agric. 
Research, Vol. vii. No. 2, 1917, p. 156. 

This paper deals with the daily transpiration of certain crop plants. Measurements were 
made with a view to determining: (1) the march of transpiration during the growth period, 
and (2) the extent to wliich tlie daily transph'ation is correlated with various weather factors. 
The results of the research are presented in a series of graphs, but are too complex to 
summarise with any adequacy in a short notice. 

Alway, P. A. and Clarke, V. L. “Use of two indirect methods for the 
determination of the hygroscopic coefficients of soils.” Journ. Agric. 
Research, Vol. vii. No. 2, 1917, p. 345. 

The Briggs and Shantz (1912) nu^thod for estimating the hygroscopic coefficient of soils 
is criticised in this paper and held to give such unreliable values in the cas(^ of certain soils 
that it is unsuitable for use either for studies of available soil moisture or for soil-Burv(.‘ys. 
A method is described for calculating the hygroscopic coefficient from the hygrosc^opic; 
moisture found in a soil which has been allowed to come into equilibrium in a partially 
saturated atmosphere. 

Alway, F. A. and Joubetts, C. Russell. “Use. of the moisture equivalent 
for the indirect determination of the hygroscopic coefficient.” Journ. 
Agric. Research, Vol. vi. 1916, p. 833. 

A critical review of th(‘ of t he Briggs and Shantz formulae for calculating the amount 
of available water in soil indirectly from (a) the wilting c.oetficituit; (b) the maximum water- 
cdipacity as detined by Hilgaixl; (c) mechanical soil analyses. On the basis of theii- own 
experimental work the authors judgt^ that no general formula is universally applicable to 
estimations based on nu'chanical analyses, and also that in genei'al the i*ffect of considerable 
amounts of organic mattei’ is to i-aise the value of the ratio of moisture (equivalent to 
hygroscopic coefficient. They advise also that before employing the indirect method of 
calculating the hygroscopic (foefficient from the moisture equivalent the ratio should he 
experimentally determined for each of the t^pes of soil under consideration. (See Briggs and 
Shantz, IJ.S. Dept, of Agric., Bur. Plant Industry, Bull. 230, 1912.) 



234 


NOTICES OF PUBLICATIONS ON BRITISH 

VEGETATION 

Petherbridge^ P. R. “Some observations on the flora and fanna of flooded 
fenland.” Journ. Agric. Science ^ Vol. vii. 1916, p. 508. 

Several thousands of acres of feuland were deeply flooded in January 1915. Some months 
after removal of the waters and while the land was still in a very wet condition the observa- 
tions ^escribed were’' made on a portion of the flooded area. 

In pasture land all the useful grasses had been killed and the soil throughout was slightly 
acid to litmus. The most striking feature was the presence over the greater part of the area 
of a ‘ mat ’ of CladopJbora flavescem and other algae and the presence of Polygonum amphibium 
n great abundance. Chara spp, were abundant in the neighbourhood of dykes and attention 
is drawn to the possibiUty of remains of these plants acting as a lime dressing to the soil and 
so neutralizing its acidity after flooding. 

Stapledon^ R. Q. and Jenkins^ T. J. “Pasture problems: indigenous 
plants in relation to habitat and sown species.” Journ, Agric, Science^ 
Vol. vm. 1916, p. 26. 

In this analytical study of fuhe vegetation of various kinds of grass land the types con- 
sidered have been classified into natural and mmi-natural grasslands with further sub- 
division of both classes according to the botanical composition of the herbage. Various 
stages in the stabilisation of semi-natural grasslands — through iemded to unimded and thence 
to natural types — are recognized and described. 

The paper forms an interesting contribution to the ecology of grassland and records 
observations of practical interest, as, for instance, the extent to whiqh plants such as J uncus 
squarrosus, Beilis perenriis and Statice niariiima are relished by stoeje. 

Another point of practical importance raised is the need for careful study of locally 
successful forms of FeMuca ovina and othei' grasses with a view to comparison with their 
counterparts of cornmercial origin and the desirability of establishing local supplies of 
indigenous seed. M. C. R. 


THE ECOLOGY OF SCRUB 

Salisbury^ E, J. ‘'The ecology of scrub in Hertfordshire: a study ur 
colonisation.” Trans, Herts, Nat, Hist, Sci. 17 , 1918, pp. 53-64. 

The author regards scrub as a progressive stage in the development of forest, often 
maintained in the scrub-condition by factors inhibiting the development of trees, such as 
coppicing, grayng, bui iiing or exposure (e.g. at the upi>er altitudinal limit of forest). He 
distinguishes woodland scrub, which is usually open and contains trees in an early stage of 
development, from thicket scrub, forming a closed thicket and characteristically devoid of 
trees. The latter is often composed of spinose shrubs, such as Ulex, Prunus spinosa, Crataegus, 
and the fruticose Rubi, and has a smaller number of herbaceous species, except at the edge, 
than woodland scrub. It may bo suggested that the dense shade under tiucket scrub in- 
hibits the growth of tree seedlings, as of herbaceous species, and thus tends to render the 
thicket a permanent type. 

A large profK)rtion of the herbaceous plants of scrub are “marginal” species of the wood- 
land (largely corresponding also with “hedgerow” plants), and others, in the case of scrub 
arising on what was formerly arable land, are breeds. The same composition holds of 
recently coppiced areas in woodland. Owing t^o this mixed composition the scrub associations 
possess a large number of species. Four areas of Hertfordshire scrub arc described and 
listed and their relations to the natural types of woodland pomted out. 
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NOTICE OF PUBLICATION ON FOREIGN 
VEGETATION 

THE VEGETATION OF A SOUTHERN SWISS VALLEY. 

Bar, J. Die Vegetation des Val Onsernone (Kanton Tessin). 80 pp., with 
phytogeographical map. Zurich. Rascher & Co. 1918 . 

This description of the distribution of vegetation in a mountainous drainages basin on 
the borders of Switzerland and Italy a few miles north-west of the head of Lago Maggiore is 
published under the auspices of the admirable Phytogeographical Commission of the Swiss 
Naturalists’ Society, which has been active in ri^cent years in promoting and systematising 
surveys of Swiss vegetation. The author carried out his researches in 11)05-1909 and 
published his results in detail four years ago^, but with the help of the Commission the map 
now appears for the first time together with a general sketch of the vegetation of the district. 
The symbols used in the map do not, however, conform to those fixed by the Commission, 
because the map was completed before the Commission had carried out this work. 

The region dealt with comprises an area of about 113 square kilometres, roughly the 
area of drainage of the Isorno, bounded by ranges of mountains exceeding 2000 m. on both 
north and south. The confluenee of the Isorno with the Melezza-, at the lower end of the 
area, has an (devation of 254 m. (Lago Maggiore, 200 m.) while the head of the valley is 
1408 m. above the sea, and is closed in by peaks of over 2000 rn. : the highest peaks of the 
northern watershed also exceed 2000 ni., the Pizzo .Rosso reaching 2548 m. The relief of the 
w'hok* area is very sharp, the ground being intersected by innumerable ravines, so that there 
is scarcely a flat tract of ground of any size in the whole region. In spite of the moderate 
elevation of the mountains, the barriers to thi^ ingress of plants arc formidabl(L The pre- 
cipitation is high, about 2(XK) mm. in the central valley stations, and probably exceeding 
2000 mm. on the southern mountains. The great bulk of the rain falls in the period from 
May to October, but the number of rainy days is low and of clear days high. Th(‘ winter 
temperatures of the valley are relatively high, the mean being round about 0° C. The 
climate is markedly “insulirian.’’ 

By far tlu'* greater portion of the area up to 2000 m. is covered with trees or shrubs. The 
general altitudinal forest zonation on northern exposures ivS chestnut (250-900 m.), beech 
(900 -1 1(K) m.), silver fir (1100 1300 m.), spruce ( 1 300 1700 ni.), larch ( 1700-2(XX) m.): on 
southern exposures, chestnut (250-1050 rn.), beech (1050- 1 750 rn.), larch (^750 2100 rn.). 
Birch ( j5. pendula — verrucosa) and to a less extent lime (T, cordafa), oak ((i). sessiliflora) and 
grey alder (.4 incanu) also form weil-mark(*d w^oods rlepending on local (^limatic and soil 
factors. 

The (ihestnut, a typical ‘"insubrian” tree, ranges from the lowa\st point of the area up 
to about 1000 in. in stands, and to 1 200 m. as single trt^es. It generally follow s the courses 
of the deep ravines where it can get proteijtion, and at the higher levels alTeids southe*rly 
exposures. It occurs in the two semi -artificial tyjK^s of association familiar to travellers in 
the valleys southward of the Alps. In the first type (selva) the large pollarded orchard trees 
stand in grassland, and from these trees the poorer inhabitants obtain most of their sub- 
sistence, chestnut meal almost entirely replacing both broad and potatoc's, whiJ(‘ tlu^ new 

^ Umlor the title “.Die Flora des Val Onsernone” in the Vkrtdjahrssvhr. d. Naiurf. (ks. in 
Zurich (1914) and Boll. Soc. Ticinese di Bcienze Naturali (Lugano, 1915). 
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shoots are cut off and dried in summer to furnish winter fodder for cattle. Secondly there 
are the chestnut coppices (palina) which are cut every seven or every ton to fifteen years 
the coppice wood being used for fuel and the larger stems sometimes for constructional wood. 
Calkm/i vulgaris^ Erica carnea^ and where pastui^ed FeMuca cAipillata are among the dominant 
members of the ground flora of the coppices, while the orchards are characterised by Triseium 
flavescens and other grasses. 

The beech woods range from 500 m. to 1450 m. (north) and from 1000 m. to 1850 m. 
(soiitli exposure). They penetratf? up the lateral ravines on the southern asjxxits but occupy 
projecting spurs on the northern aspects of the main east and west valley. The typical 
European associates of the beech (Polygormtum officinale, P. muliiflorum, Paris, Allium 
ursinmn) are absent, while (Jonvallaria, Mamnihenmm, Anemone nemorosa and Asperula 
odo'cala are rare. The author attributes this to the recent and rapid entrance and extension 
of the beech in the area, an extension with which its associates have not kept pace. 
Beechwood is used in the valley almost entirely as firewood. 

The birch {B. pendula - verrucosa) occupies mostly damp northern exposures, mainly on 
a humous soil poor in mineral salts, from 300 to 1400 m.^ while individual trees range froni 
the mouth of the valley (250 m.) up to 1800 m. It is accompanied very (haracteristically by 
SaroLhamnus scoparius in sunny places, also by Callnna, Molinia and Pieridium, often in 
pure communities. When bi? ch wood is pastured, meadows of Molinia arise on wet and of 
Bromus erectus on dry ground, while Festuen rubra, F. capillata, Agrostis tenuis, Brachy- 
podium silvalicum and Luzula sih?aUca, also often form ground communities. 

The oaks Q. sessiliflora Mid Q, pubescens and the limti (T. corduta) form less important 
deciduous w^oods or scrub. Q. sessili flora o(;curs mostly as scattered trees up to 1400 m. 
Q. pubescens on the other hand forms communities only in warm valley basins up to 1000 m., 
but these are generally kept/ in the form of scrub by continual goat pasturing. The author 
remarks that tht' peasants shov^ a clearer apjjreciation than many botanists of the distinction 
between these two tret^s, since by preference tlu'V cut the younger branches of Q, sessiliflora 
for fodder because it gives a better yield. The associates of the oak scarcely differ from those 
of the (jhestnut coppices. The lime woods occur mostly within the chestnut zone, but ascend 
occasionally to 1400 m. Characteristic of them are Festuca varia, Poa nemoralis and Brachy- 
podium siiiKificuni. lMi(‘ lime fills up gaps in the beech and chestnut woods, colonising clefts 
and spill’s of the often almost vertical ravine sides, the deeper soil being occupied by chestnut 
or beech. The ash, the aspen, the tw^o alders {Alnus glulinosa. and A. incana), Salix grandi-' 
folia, ] Alburnum alpinum, the mountain ash and the white beam are freely mixed in the 
lime woods. Alnus inmna forms '‘Auenwald” on damp level ground beside streams. 

Of coniferous trees Abies alba, Picea excelsa and Larix decidua are the most important 
wood formers. The gilv('r tir forms a zonc^ on northern exposures at 1100 to 1300 m., showing 
a special preference for slopes that ai’c often covered with mist. Rhododendron ferrugineum, 
Calamagrostis villosa, (\ arundinacea, and the parsley fern, the male fern, the lady fern and 
the broad buckler fern are characteristic constituents of its undergrowth. 

The spruce forest forms an almost continuous zone on northern exposures above the silver 
fir zone or, where that is absent, above tlie beech zone. It is dominant from 1400 or ISCK) m. 
up to 1750 m. where it passes over gradually into the larch zone. On southern exposures 
the spruce zone is much more interrupted, since here the beech goes higher and the larch, 
which begins lower, often follows directly upon it. Undergrowth is absent from close stands 
of spruce, and the ground flora is very sparse. Rhododendron ferrugineum and Vaccinium 
myrtillus are the commonest plants where the stand is more open. 

The larch is the only stand-forming tree above 1600 m. on northern and 1760 m. on 
southern exposures, the upper limit being between 1900 and 2000 m., but the stands are 
often very open and scarcely deserve the name of “wood” — -“pasture wood” would be more 
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appropriate. Nardm slricta and (Utrtx sempermrems an* th(? dominant plants of the) herbage 
on southern exposures, but the wood floor is often overgrown witii the dwarf juniper. On 
northern exposures Rhodx)dendron ferrugineum with tufts of (Jalamafjrostis villosa, with the 
addition of Vacciniurn myrtillus aooompanied by Cetraria isJandica Mid Cladoyiia rangiferina 
on flatter ground, are characteristic. Oalamagrosiu vUlom is almost the sole turf-forming 
grass in larch woods with alpine rose undergrowth, with 0 . arundintxcea on steep slopes. 
The larch also grows at much lower levels, far below tb(^ upper limit of beech, on dry 
sunny ridges. This mingling of the continental larch with the sub-oeeanic beech the author 
attributes to the combination of strong insolation with heavy rainfall. 

The large area occupied by deciduous scrub in the valUiys is mainly due to its exploitation 
as pasturage for goats. The “Buschweide” is used in this way all the year round, the 
animals feeding on the buds, small twigs and bark during the winter. It consists very 
largely of hazel scrub; Ccmjlns, according to the author, being specially suited to c;olonising 
dry rocky soil, especially when the soil is so shallow that no trees can maintain themselves. 
This Corylus scrub is mainly intercalated between the chestnut and beech zones but; also 
ascends to 1(100 m. where the soil specially favours it. It occurs in greatest extent near 
villages about 800 to 1000 m. Typically it is developed on southern slopes, being much 
mixed with Alnus incana on other exposures. The grey alder more or less replaces the hazel 
in more shaded places but is little suited for pasturage, both because the goats will not (‘at 
it if tliey can get anything bettcT and because Brachypodium silvalicum is the almost (*x- 
clusive dominant w ithin it. The vegetation accompanying hazed scrub is very various, both 
because of the great variety of minor types of habitat within the scrub, and because of the 
variety of exposure arul altitude. Agrchsi/Ls tenuis {vulgaris) is dominant in the pastured turf, 
FeMuca durmscula, F. varia and Poa nenioralis on rocks, but ihoi'i'. is scarcely a meadow or 
wood plant of the altitudinal limits of the Coryhis-ticvuh that may not be foujid within it, 
“ Buscdiweide ” of Quercus puhescens occurs only in the warmest basins, and the accompanying 
flora scarcely differs from that of the chestnut scrub. This latter is true coppice, not 
Busch weide, since the goats wdll only eat it in default of anything better, whereas they are 
particularly fond of the oak. Th(‘ birch forms scrub on dry and more humous soils. It is 
more or less avoided by the goats, which dislike getting the papery bark between their teeth, 
and eonse(|uentIy tends to grow up and form trees. Sarothumnns and Calluna, the latter 
sometimes dominant, particularly accompany the birch. Beech scrub comes into existence 
after felling of a lanadi wood as a transition stage back to forest, but where there is much 
pjrsturing, as in the neighbourhood of “ Maiensasse ” and the lower Alps, it is kept in the scrub 
form. C-attle as well as goats are ht're involved, and their trampling reduces the be(‘ch sernh 
to separatr'd c'lumf)S of eaten down bushes wdth more or less extensive tracts of t urf bctw'ccn. 
The centies of these clumps often grow- up into trees. The beech appears to he* spreading in 
spite of the heavy pasturing, no d(‘ad stumps occurring, whereas ther(^ is no lack of spruce* 
arid larch stumps. Willow scrub {Salix purpurea and S. incana) is very limited within the 
area on acc?oiint of the absence of broad flat alluvial valleys, but the foruK'r tlourislics lu*r(' 
and there on the graveflly or sandy alluvium near the mouth of the Isorno, The accompany- 
ing v(^getation is xerophilous sinee its roots do not reach the water table and the surface is 
periodically exposed to extreme ch'ought. Hippophae scrub, so (diaracteristic of the gravelly 
alluvium of alpine valleys, is cpiite absent. The alpine alder (Alnus viridis) forms extensive 
and mostly closed asso(;iatioTiK on northerly slopes at the higher altitudes (800- I9.')0 rn.). 
This bush is spc^cialJy adapted to snow pressure, since it grows out horizontally fiom the slope, 
and after being pressed on to the surface by the masses of snow, recovers its position when 
the pressure is remov(^d. Consequently it is able to occupy avalanche tracks. Jt is prac^tically 
inaccessible to goats on account of its growth form and is consequently little eaten. The 
alpine alder is frequently mixed with the alpine rose, in spite of the fact that the latter is 
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properly a hurnus plant while the former prefers aoil rich in mineral salts. Brachypodium 
silvaficum occurs in the alpine alder scrub at lower, Oalaniagrostis villoaa tft Jiigher levels, 
while Geranium dlvaticum is a characteristic associate from the lowest to the highest levels. 

“ Hochstauden ” vegetation is indeed characteristic of alpine alder scrub. 

Of "‘coniferous scrub,” the prostrate variety of the mountain pine is confined to a single 
locality; dwarf juniper scrub occurs either as undergrowth of open larch woexis or, above 
the tree limit, as an independent assex^iation on dry southern exposures, suppressing other 
vegetation and rendeiing the ground absolutely useless for pasture. The upright juniper 
is well distributed but does not form assocuitions, while the yew is comparatively rare. 

One of the most interesting of sc'mb associations is that formed by the Mediterranean 
satviifoli'iWf which occurs at the exit of the valley at one of the warmest points of “insubrian ” 
Switzerland. This association also occurs at Locarru), Ponte Bi olla, and Ancona. The author 
remarks that this shrub, though it occupies the sunniest rock exposures, is not a xerophyte, 
but requires abundant moisture in the substratum. It is nearly always associated with 
Sarothamnm which has similar but much less exacting needs. Its other associates are an 
interesting mixture of warmth -loving southern and damp-loving alpine species. In Provence 
Cistus sahmfolius ascends fairly high into th(^ hills but it certainly inhabits dry soil right 
down to the coast. The alpine rose scrub (Rhododendroti ferrugineiim) which is abundant in 
the region and attains a consideralfie stature the author counts as forming a member of the 
laurel-leaved associations in spite of its small leaves. It ranges from "IfiO m. up to more than 
2350 m. and forms very extensive associations, its greatest development being in the larch 
zone where it often forms the undergrowth of the woods. Above this zone it forms inde- 
pendent (ommunities, and b<?low appears in the spruce, birch and beech woods and even 
in chestnut scrub, mainly on damp northern exposures. Like the grey alder and dwarf 
juniper scrub it is useless for pastm’e. Holly and ivy are not common or important in the 
region, a fact which ratlier tells against the author’s classification of the alpine rose as a 
laurel type. It is mentioned that Jtihododeridron ponlicAmi, a true laurel type, occurs in inter- 
glacial deposits in a neighbouring valley. 

To the heath type the author reckons the Sarothamnus association, which is very extensive 
in the lower part of the valley, especially on south exposures with humous soil underlain by 
impermeable glacial loam, and is accompanied by juniper, Cailima, Pteridium and Brachy’ 
podium pinnatum: Calluna itself, which forms independent communities as well as the 
undergrowth of birch and chestnut woods, and all possible transitions to grassland, at the , 
higher levels providing poor sheep pasture: Vax^vinium myrtillm, which at lower levels 
forms exclusively the undergrowth in humous fairly dry woods of chestnut and birch woods, 
at higher levels the undergrowth of open fir and larch woods, and above the tree limit 
independent communities or the undergrowth of alpine rose: Salix herbacea, forming thick 
carpets above 1800m, and an important constituent of the “Schneetalchen” vegetation; 
and Loiseleuria procumbent, on dry humous summits. Erica carnea, so common on the mid- 
European calcareous hills, is rare and local in the area. 

Of “meadow” types the author describes the “ Hochstauden ” vegetation, which is 
poorly developed but contains a great number ot species. Pteridium occurs in enormous 
quantity associated with scrub, and often persists for many years after the scrub is removed, 
penetrating into pastures and being difficult to eradicate, as in this country. The "‘lairflora ” 
IS well developed but certain species are missing, probably on account of the absence of lime. 
The dominants of “evergreen meadows” described are Bromus erectus, Brachypodium 
pinnatum, Festuca duriuscula, F. capUlata, F, varia, Carex sempermrent, l^ardm stricia and 
Garex curvula; those of “ Frisch wiesen” (excluding manured ground) are Carex ferruginea , 
Luzula spadicea, Brachypodium silvaticum, Agroetis tenuis, Calamagrostis arundinacea. i'he 
composition of the “Schneetalchen” vegetation is various in different places, including 
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Anthelia, Pohjtrichmn„ Salix Jierhacea, (hiaphalium sujmmm, AlchemUla penlaphyllm, A. 
glaberrima and Sihbaldia procumbem. The related “S'chneefleok” flora, whu^h differs from 
the former by having no drainage channel and thus an always moist substratum, and never 
forms ei close turf, is characterist^l by Ranunculus gJacialis, and inoliufes Sofdane.JJa pvsilla, 
Oxyria digyim, Saxifraga Seguieriy etc. In time drainage is (established and the v(^getatiou 
passes over to that of the Scihnectalelien. The most important types of manuit*d meadou s 
are dominated by Trisetum flavescens, FesUim rubra, Agrosffs fenuisy (^ynosvrus criMafns nnd 
Poa alpina. 

The swamp, moor and freshwater types of vegetation are r(‘Jatively unimportant in the 
Onsernone. True “Hochmoor” is absent, owing to the conformation of the ground, thougli 
the characteristic species {iSpha^gnmny Drosera) occur as a result of the general j)overty in 
miiK^ral salts. Of “Flachmoor’' species Molinia is th(‘ only one which doniinat(^s (con- 
siderable areas at the lower levids. In the Rhynchosporetum albae Lycopodium inundahuu 
has been found for the first time in the Ticino province. Other restricted ^'Flachmoor" 
dominants are Trichophorum (Scirpus) caespitosum and Oarex fusca (Gnodenoirii). Various 
rock types, dominated by ferns, mosses and liehcms are deseril)ed, and also talus vegetation 
of different kinds. The ruderal flora is very well developed in spite of the isolation of the 
v.Mll(\y, and contains a great numlxT of spc^cies. 

Tlie map i.s of the type commonly c^xcHUited b 3 ^ the Swiss phytogoogi-aphxu’s, which 
(listiuguish(\s dominants coloured symbols and thus enables the num(‘rou8 mixtures and 
transitions of the vegetation to be depicted. Only the woody dominants are given, and the 
almost complete eolouring of the area gives a striking demonstration of the relatively v(^iy 
small extent of the herbaceous types. The (;artography is exceedingly good. There is also 
a useful prohl(‘ showing the altitudinal distribution of the dominant trees and shrubs. # 

BRITISH ECOLOGICAL SOCIETY 

Two Summer Meetings have Imen held in the present year, the first, on June 29, taking 
th(‘ foi’m of an (‘xeursion to Bre(;kland, wh('re Dr E. P. Farrow demonstrated many of th(^ 
phenomena described in his series of papers in th(i Journal. 

The ehif'f features illustratc^d wcae the (‘ffect of rabbits on the different types of vegeta- 
tion, the formation, undercutting, and linal detachment of sand hummocks by the action 
of wind-driven sand, th(‘ destructive (‘ffects of dead biaeken fronds on C album vulgaris, 
and the hiologicail obstruction otf(*n‘d to the advance of Garex arenaria by a row of planted 
piiie-tre(\s. The excursion, wliich was in every way suecessfub was atteMided by- eleven 
members and visitors. 

Th(^ s(‘cond meeting was held in (conjunction with the Yorkshii'C Naturalists^ Union at 
Huddersfi(vld and Settle from Aug. 1 to Aug. 0. Its success was largely due to the (^xcelleiuie 
of the lo(;al arraugemonts, for wliich Dr Woodhead audMr Uheetham w eix^ mainly responsible. 

The programme opened with a nu^eting in the Biological Department (3f the Te(;hnical 
('Olbge, Huddersfield, with Dr W. U. Smitli, Pi(\sident of the Society and President-elect 
of the Y. N.U., in th(‘ chair. The Uhairman expressed ffie general gratification at the arrange- 
ment a joint meeting of th(c two bodit^s. He then read a paper on the general characters 
of hill and valUw vegetation in the hill regions of northern Biitain, dealing especially with 
the grassland associations. Dr T. W. Woodhead contribut('d a paper on thtc Vi^getation of 
the Pennine' Moors, describing the character of the Wessenden and Saddlcworth district 
of the Southern Ikmnincs, which were to be visited next day. Dr A. Gilligan gave an ac*(’ount 
of the topography and geology of Ingleborough, to be visited lat-or in the meeting, and Mr 
C. A. Choetham dealt with the vegetation around Settle, All the papers wen' fully illustrated 
by lantern elides, and greatly added to the value and enjoyment of the excursions which 
followed. 
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On Friday the parly travelled by ear to Marsden and thence walked up the valley, past 
the series of reservoirs belonging to the Huddersfield corporation to Wessenden Headj with 
its great Eriophorum moor, Rithiis Chamamiorns being locally prominent on partly drained 
peat. In descending to Saddleworth the dominance of M olinia wai^ noted on slopes flushed by 
surface water issuing from the junction of the Millstone Grit and the underl3ring shale. In the 
evening the party travelled via Manchester to Settle. ,Thc next day, Saturday, was devoted 
to the region around Ingleborough, under the leadership of Mr Cheetham. Good examples 
of limestone pa vem exit, one of the characteristic features of the dist rict, were examined close 
to Kibblehead station. The most abundant species of the characteristic cleft flora, developed 
in the vertical clefts arising from the mastor joints of the massive horizontally bedded 
limestones, were Geranium rohertianum^ Scolopendrium mil f fare, Mercurialis perennis, Oxalis 
acetosella, (^ystopteris fragilis, Aspleniim Trichornmi^s, A, viride, Alliuni ursinum, Lactuca 
muraJifi, Gonvallarui majalis, with a certain number of shrubs such as (Jrataegua oxyacantha, 
Prunus spinosa, Corylus avellana, etc?. Not far off, at (Jolt Park, a magnificent example of 
ash wood developed on the? pavement was demonstrated to the party by Mr CJheetham. 
The pavement in the wood was covered with moss and lierbage concealing the clefts and 
making th(? going difficult. Here a much richer flora was present, including most of the 
plants of the cleft flora of the open pavements, which, as will have been noticed, are largely 
woodland species. Actaen spimta, Geranium sylvaiicum. Campanula latifoJia, Rubus saxaliHs 
and Viola amoena in large quantity were rriet with. Prumm padus and Viburnum opulus 
were prominent in the wocxl. After leaving the wood, 8imon Fell was ascended and the route 
pursued over Calluna h(?ath, with Enipefrum, Vaecmium niyrtillm aral V . viHs-idaea, to 
Ingleborough itself, where flie alpine plants Sedum Rhodiola and Saxifraga steliaris on the 
northern cliffs, and the summit plateau with Festum ovina, (Jnxex rigida, J uncus squarromis 
and stunted Vaccinium myriillus, were examim^d. On the ndurn journey good examples 
of the? belt of Nardus at the edge of the peat plateau, as recently de.scribed in the Journal 
by Dr Smith, and of limestone swamp with the characteristic; Primula farinosa, Selaginella 
spinosa and Schoenus nigricamH were met with. 

On Sunday a visit was paid to the farnotis Victoria (Jayc' near Scuttle, where Mr Root 
and Dr Gilligan greatly added to the interest of thc^ party by their lucid accounts of the 
history of the deposits and the mammalian and human rcMuains. 1'he vegetation of this 
neighbourhood is mainly limestone grassland with Resleria coeruka and Viola hdea. The 
prevalence of typical heath species such as Calluna vulgaris and Triodia, deewmbens in this 
grassland is a noteworthy feature. Disus<xl lead workings showed a characteristic flora like 
that of similar situations in Wales and Derbyshire, and including Arenaria verna and 
Thlaspi occiianum, 

Monday and Tuesday were devoted respectively to the Keasden Beck and Austwiek 
neighbourhoods, where the vegetation of the shales and sandstones and of the scar woods 
and limestone copses was examined. 

The weather was consistently fine, except on the last day. The cordial thanks of the 
Society are due to the Yorkshire naturalists for the admirable programme and arrange- 
ment-8. 

ANNUAL GENERAL MEETING. 


The Annual General Meeting will be held on Saturday, December 2lBt. 
College, London. 


at University 

E. J. S. 
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THE ISLAND AND THE CONTINEN l^^ ^ • 

By H. B. guppy. 


“The island must have played the same role as regards the continent, whether in the 
Atlantic or in the Paciho, or in the Indian Ocean. If a group displays a certain relation 
in its floral features to a bordering continent in one ocean, other groups should display the 
same relation to the bordering mainland in the other oceans. There may be similarity 
in behaviour in these respe(;ts co-existent with great dissimilarity in floras. I don’t suppose 
that there is any conspicuous peculiarity in the insular floras of Macaronesia, Lemui’ia, 
Malaya, Polynesia, and the Antilles that was not originally characteristic, though in a 
less specialised form, of one or other of the great land -masses. Islands appeal to me more 
as registers of past floral conditions in the continents than as representing their present 
state. Their marked peculiarities bear the impress of the past on the continents, whilst 
their common features tell the story of the present....” (The above is a quotation, with 
slight emendations, from a letter of mine to the Editor: and I am indebted to his courtesy 
for the opportunity of extending the thesis.) 

The most significant feature of insular floras is to be found in their peculiar 
and often “kinless'’ genera; and the mode of interpreting this feature largely 
determines our outlook on plant-development in islands. Either they are the 
highly specialised products of the islands, in which the ancestral characters 
excepting those of the family type have often largely disappeared, or they 
are the modified forms of allied continental genera that have in great part 
passed away. In the one case they would be the first of their race “destined, 
mayhap, to increase and become in future as common as they are now rare.’*' 
In the second case they are the last of their race doomed to go the way of 
those countless forms of vegetable life that once peopled the globe and are 
now extinct. 

It was with issues such as these that Hooker was mainly concerned in 
his lecture on Insular Floras delivered before the British Association at 
Nottingham in 1866 . Although the potentialities and the probabilities 
involved in island-floras were treated in the lecture with a master's hand, 
we seem to be farther from the solution of the problem of these strange 
island-types in 1918 than Hooker was in 1866 . We are still asking his 
question, Are they the first or the last of their race? Until that question is 
answered, and answered as Hooker answered it, we cannot hope to make 
any progress with insular floras; and if we cannot make any progress with 
the plant-history of the island we shall certainly be unable to do so with 
respect to the continent, where the same issues are raised but in a far more 
complex shape. 
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How, we may ask, did Hooker answer the question whether the peculiar 
insular types were the first or the last of their race? Islands were for him not 
only the last homes for the ancient races of mankind that had been driven 
from the continents through the pressure of superior races, but they were 
refuges for the ancient vegetation on the continents, or sanctuaries for the 
survivors of the successive revolutions of the plant- world on the mainland; 
in other words they were homes for the “relics of a far more ancient vegeta- 
tion than now prevails on the mainland.” He saw in the peculiar types of 
the Canarian and Madeiran woods the wrecks of a very ancient flora that 
flourished during the warmer and moister Tertiary period in the adjacent 
continental regions, but had since been expelled with the oncome of the age 
of aridity. In the peculiar American, African and Oriental types of the 
Macaronesian islands he saw witnesses of an age when the forests that 
encircled the warmer zones of the globe presented an association of plant- 
types now separated from each other by the breadths of continents and oceans, 
but still preserved in the Atlantic islands. And he extended his view to 
islands in general, regarding their assemblages of strange plant-types as 
gatherings of the clans of the plant-world that had fought their fight on the 
continents and had been expelled ages since. 

But, as just implied, the matter does not end with Madeira and the 
Canary group. There are islands on the other side of Africa ; and if Macaronesia 
displays its record of floral conditions that have passed away on the main- 
land, similar changes in the history of the plant- world ought to be registered 
in the islands, large and small, of the Mascarene region on the other side 
of the continent. If this is true of Africa we should expect the same of Asia 
and the New World. On all the islands that border them and lie between 
we should look for remnants of floral ages that have passed away on the 
continents. We should read in the stories of the arborescent Compositae, 
of the Tree-lobelias of Hawaii, and of the mysterious family of the Sapotaceae,' 
of which the islands possess far more than their share, the tales of the conti- 
nent. Even in the prevailing shrubby and arborescent habit of the strange 
genera of the islands, where endemic herbaceous plants rarely figure, we 
should expect to find an illustration of the original habit of growth of the 
plants in their continental homes. 

The larger the island the more it will have to tell us of the continents, 
and as a rtile the farther will its record go back. Australia, the great back- 
water of the evolutionary stream, will be the most communicative of all. 
We shall look to it to tell us of lost eras, not only on the Asiatic main but 
over much of the globe, eras affecting not merely its plants, but its animals, 
and its people. New Zealand in its features common to Australia will tell 
us of the present; but of the preceding ages, when Australia acquired most 
of its distinctive characters, it has often little to say. Yet it supplies indica- 
tions of ages still more remote, and in this respect it stands first among the 
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islands. We shall look to Madagascar, another great backwater of the Old 
World, for its tale of lost ages in the tropical zone, not only of the eastern 
but of the western world, since there seems scarcely a case of discontinuous 
distribution affecting both worlds in which Madagascar or one of the lesser 
Mascarene islands does not figure. But its story will be tropical ; and Distribu- 
tion, as we are now realising, is primarily an affair of the tropics. The smaller 
Mascarene islands will in turn help us to unriddle the story of the later eras 
in the history of Lemuria; and their island-satellites will tell us of the latest 
of the lapsed ages; and so down the scale until we reach the coral island 
that will tell us only of the present. Then in the New World we shall look 
to the Antilles, large and small, each telling its story according to its size, 
to illuminate gone ages on the tropical mainland. 

Yet under the strain of the test of comparison some insular regions will 
lose a portion of their interest. The Galapagos Islands with scarcely a genus 
of their own will have little to tell us beyond the last phase of the plant- world 
in tropical America ; and very suggestive is it that a family like the Amaran- 
taceae, which we are wont to associate with weeds in the tropical zone, should 
stand among the foremost in this group for its display of endemism. Were 
it not for its strange Cactus-forms the Galapagos Islands would tell us little 
of the plant-world in the past. 

And as we began with the Macaronesian islands, so we will end with them. 
They seem to tell us more of the past than of the present. They teach us 
but little of the most recent age when Central Africa came under the dominion 
of Asiatic or rather Indian plants; but in their lowest African zone they tell 
us much of the long eras of aridity that have held most of the continent in 
bondage; and in their Laurel woods, some 1500 or 2000 feet up their slopes, 
they speak plainly of that earlier Mid-Tertiary period when moist climatic 
conditions prevailed in northern Africa. At that time the shores of the great 
inland Saharan sea were clothed, almost for the continent's breadth, with 
woods composed of plant- types that then girdled the globe, but now only 
survive in widely removed localities of the tropical and subtropical zones. 
As with the Atlantic islands, so with those of the other oceans there will 
ever be the story of the lagging of the insular floras. 

The questions raised by Hooker as to previous continental connections 
and to means of oceanic transport ought now to be regarded as sufficiently 
answered. Yet we are still treating them as debatable issues. More than 
half a century has passed since 1 866. Yet we are still speculating as to whether 
this or that group of islands was ever a part of a continent, and we are still 
discussing means of dispersal. In the interests of progress it would be best 
generally to regard such matters as dead not living issues, and to accept the 
situation that as exclusive factors in the stocking of oceanic islands the 
dispersing agencies begin where the range of Conifers ends. In the Pacific, 
for instance, we should rope in Fiji with all the large islands westward and 
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southward as originally continental. All the other large elevated Pacific 
groups, being non-coniferous in the sense of not holding truly indigenous 
representatives of the order, should be viewed as lying within the capacity 
of the dispersing agencies for their complete plant-stocking. The selection 
of the Conifers as our guide to past continental extensions will generally 
serve our purpose. Some evident exceptions of course exist, as in the cases 
of bird-dispersed genera like Juniperus and Taxus which occur in the North 
Atlantic islands. Even the disputed point concerned with islands and 
continental extensions should for practical purposes be viewed as in a general 
sense settled. Between those who consider that islands have always been 
islands and those who would regard all oceanic elevated islands as remnants 
of lost continents there is a middle position; and we can follow no safer 
lead in disputed areas than the guidance of the Conifers. 

But Hooker in his lecture on insular floras treats of many themes, of 
which only a few are enlarged upon here. The setting of this lecture is worth 
recalling. It was delivered in a momentous period in the history of science. 
The outworks of the great citadel of the “special creationists” had been 
carried, not the citadel itself as was then imagined. But, outwork or citadel, 
the new creed gave the charter of liberty to the student of nature, and Hooker’s 
lecture was in a general sense a justification of the Darwinian position. It 
matters little whether Darwin and his two great lieutenants, Hooker and 
Huxley, were always in agreement in their advocacy of the new faith. In fact 
they were radically divergent in some points. But it matters much that 
they broke the chains and set the inquirer free to pursue his investigations. 
Whether we have always used our freedom wisely is very doubtful. The 
tendency to drift aimlessly is not very re-assuring; and that is why with 
distribution, as with evolution, it is necessary to go back to beginnings and 
pick up the old lights we lost long ago. 
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Introduction. 

1. Topography and Climate. The region in which these observations 
were made is that of the rich forest on the slopes of the hills and in the valleys 
round about Rio de Janeiro, Southern Brazil. Rio de Janeiro is among the 
most lovely places in the world and has been many a time described, but 
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so far as I am aware never from the ecological standpoint. A few words of 
general introduction may not be out of place. 

The coast of South America at this point runs due east and west, and the 
bay of Rio de Janeiro is an almost land-locked inlet, some forty miles long 
and of varying breadth. At the entrance it is only about a mile across, but 
farther inland it spreads out into a shallow expanse, nearly twenty miles in 
breadth, and dotted with numberless swampy islands. All around this gulf 
rise precipitous mountains, which form part of the extensive coast range, 
or Serra do Mar, of South Brazil. 

The marshy shores of the bay are bordered by mangrove, except where 
the city of Rio and its suburbs lie, but the mountain slopes and the upper 
valleys are covered with dense rain-forest, only the sheerest and smoothest 
of the granite peaks being free from vegetation. 

In spite of administrative laxity in the past the physical features of the 
forest lands have saved them from desecration at the hands of timber ex- 
ploiters, inasmuch as it is next to impossible to transport logs on these steep 
slopes, so that they remain to-day in almost pristine grandeur over large 
areas, even near the city. At the present time forest patrols are responsible 
for guarding the Government’s monopoly interest in what clearing may be 
possible. The conformation of these forest-clad hills is peculiar, and deserves 
description. Each consists of a granitic core, intruded originally into the 
gneiss, which has now been eroded from all around their upper portions. 
These granite masses have themselves weathered but slightly, and they stand 
up bare and sheer, like gigantic walls above the foliage on the lower slopes. 
The remaining gneiss forms rather steep slopes round the lower portions of 
the peaks, and as it weathers easily into soil, not an inch of it remains un- 
covered by forest. 

Close to Rio itself the moxintains vary between three and four thousand 
feet in height, but the forest-clad slopes rarely reach to more than half this 
height. On the other side of the bay, however, the lateral range known as 
the Organ Mountains attains a height of seven thousand feet, and there, the 
conditions of the mountain structure being different, the forest reaches almost 
to their full altitude. 

Thus true rain-forest in this neighbourhood runs from the sea-level up 
to about fifteen hundred feet; though in the steep valleys between the peaks 
the forest naturally reaches a greater height than upon the skirts of the 
peaks themselves. 

Above the level of true rain-forest there is often another type developed; 
an opener, dwarfer and much drier forest, which may be called “secondary- 
forest.” Sometimes, as on Corcovado, rain-forest passes insensibly upwards 
into the secondary-forest, but more commonly the break between the two 
types is a decided one. 

On the flat-topped mountain called the Pedra da Gavea (PI. I) there is 
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The Pedra da Gavea, west of Rio de Janeiro. Height about looo metres. The cone is granitic, capped by 
a inetamorphic rock wliich forms a small plateau bearing a xerophytic woodland and a tussock association of 
grasses. The striped appearance is due to algae growing in the drainage channels. Taken from close to the 
sea-shore. 

McLEAN — Bkaziliax Rain-Forest (pp. 5 — 54). 
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a still more xeropbytic type of forest, growing on the rocky summit plateau, 
and isolated from the lower vegetation by a great wall of almost inaccessible 
rock. This forest and an associated tussock grassland still await investigation. 

The photograph is taken from close to the shore of the Atlantic and shows 
the basal slopes of gneiss, covered with dense rain-forest. Above this rises 
abruptly the smooth granite core, capped in this case by some hard meta- 
morphic rock which forms a summit plateau. The surface of the granite 
mass is too smooth to allow roothold to large plants, and it is colonized on 
all these hills by extremely pronounced petrophytes, chiefly Orchidaceae, 
Cactaceae, Velloziaceae and some Bromeliaceae. 

The larger part of the rock surface is covered by blue-green algae, which 
form great dark stripes upon it, following presumably the lines of water- 
drainage, and resembling the stripes of similar nature sometimes to be 
observed upon the sides of great buildings in Europe. These stripes are 
well shown in the photograph. It will be easily understood that the extent 
of rock surface available for close examination is decidedly limited. On the 
portions examined, however, I observed no mosses and few lichens and I 
imagine that the primary colonizers, preparing the meagre soil which supports 
at some points the typically xerophytic Angiosperms above-mentioned, are 
the Myxophyceae and a species of Treniepohlia^ which is extremely abundant 
on the damper patches, lending, as Warming mentions, a characteristic tinge 
to the whole surface. 

As the granite is only very slightly jointed, chasmophytes do not get 
much chance to colonize it^. 

Above the level of the true rain-forest a few patches of secondary-forest 
appear in the illustration. The ridge and shoulder to the right are crowned 
with this drier forest, which extends also a little way down the gully. On the 
left-hand side a few patches, completely isolated from the rain-forest below, 
may also be seen. 

The summit-forest, which crowns the skyline, is still more xerophytic in 
character than the secondary-forest of the slopes, and is completely isolated 
from it. 

As the Pedra da Gavea is backed by a deep valley running up from the 
sea, the climatic and rainfall conditions are very similar on both sides. The 
same is true of all the mountains in the vicinity of Rio. They are completely 
immersed in the moist coastal zone and are not lofty enough to differentiate 
much the climate on their opposite flanks. 

The heights of the principal peaks are as follows: Tijuca, 3300 ft. (this is 
the highest point near Rio); Pedra da Gavea, 3000 ft. (circa); Corcovado, 
2200 ft. 

^ Trentepohlia aurea (L.) Mart. 

* The Angiosperm colonists would mostly fall into the category of Exochomophytes in Ottli’s 
scheme (1903), see Warming (1909). 
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Their position in respect of Rio city itself is unique for mountains of 
such height. The main part of the city lies near the seaward opening of the 
bay, and is limited to the narrow edging of flat ground and low hills between 
the mountain of Corcovado and the several small indentations of the bay. 
This portion of the city ends with the suburb of Gavea, near the mountain 
of that name. The other half is much more extensive, and spreads out 
into suburbs which run for many miles along the northern skirts of the 
mountains. Rio is thus practically cut in two by the Corcovado group, 
and without doubt certain differences in climate are produced by this inter-’ 
vention. 

The National Observatory, at which very full meteorological data are 
collected, lies in the city, to the north-west of Corcovado. On the other side, 
in a small valley leading up from the Lagoa Roderigo da Freitas and close 
to the Botanic Gardens, there is a government cultural experimental station, 
known as the “Horto J’lorestal.” Here also meteorological records have been 
collected, which it is interesting to compare with the records from the other 
side of Corcovado. The following figures represent observations of climatic 
salients made at the Horto Florestal during 1912. These are extracted from 
tables provided by the Director of the above station. 

Horto Florestal. 


Temperature Highest mean February 26*2® C, 

Lowest mean July 17’7° 0. 

Relative Humidity Highest mean May 86*1 % 

Lowest mean December 71*5 % 

Rainfall Highest July 650-6 mms. 

Lowest December 67-7 mms. 


It is striking to note that in spite of the very heavy July rainfall the 
absolute humidity for this month is almost the lowest for the year' 
(12-6), the lowest being in September (12-5), with a heavy rainfall also 
(243-4 mms.). 

The factor of nebulosity is arbitrarily reckoned on the basis of a scale from 
0 — 10. In this reckoning 0 corresponds to a sky perfectly clear and 10 to a 
sky perfectly covered by clouds*. From these observations averages of more 
or less accuracy may be extracted. At the Horto Florestal in 1912 the highest 
monthly mean was 7-4, for October and January, and the lowest 4-7, for June. 
As the variation for the above year corresponds exactly to the annual 
variation observed in Rio over a period of ten years, it may be regarded as 
the rule. 

The climatic data for the city of Rio, recorded at the Observatory, are 
tabulated below, the salients selected being those which compare with the 
above figures from the Horto Florestal. 


^ Boletim Memal do Obaervatorio do Rio de Janeiro^ Jan., Feb., March, 1908, p. 16. 
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Rio Observatory, 


Temperature 

Highest mean 

February 

25*7^ C. 


Lowest moan 

July 

19*19° C. 

Relative Humidity 

Highest mean 

•September 

80*1 % 


Lowest mean 

August 

7(;*5 % 

Raiufall 

Highest 

December 

139*0 mrns. 


Lowest 

July 

39*4 mms. 

Nebulosity 

Highest 

October 

7*3 


Lowest 

July 

4*9 


These figures are averages for the period 189] 1905. For the preceding 
period ] 871-] 890 the temperatures are slightly higher, and the difierence 
between the extremes of relative humidity rather less, but the variation is 
slight in all cases; while for the long period 1851-1890 the rainfall and tem- 
perature averages are almost exactly the same as those given above. A few 
features of difference between the two sides of the mountains are noticeable 
in comparing the records from these two points. Firstly, it is true the 
temperatures are very similar both in intensity and incidence, and when the 
interdependence of temperature and humidity is borne in mind this is striking; 
for the maximum and minimum relative humidities, although similar in 
degree, are very different in their incidence in time. 

Secondly, the rainfall shows a great disparity. My own readings taken 
at the Botanic Gardens, close by the Horto, confirm the accuracy of the 
latter observations, and there can be small doubt that the rainfall at the Horto 
is greatly in excess of that on the Rio side of Corcovado. 

The fact of the rainfall being, in the absolute, higher on the Horto side 
is indisputable, however it may be distributed^. Apart from this excess of 
precipitation on the latter side the differences of climate are not important. 
On both sides of Corcovado the range of temperature is similar, on both sides 
the hot months are the wet months, and these months are marked by high 
relative and absolute humidities which are similar in both cases. As the 
variation in the rainfall is not too great to be compassed within the limits 
of a single type of climate, the coincidence of the humidity and temperature 
factors and the aforementioned nebulosity, render it evident that on both 
faces we are dealing with a climate Cvssentially similar. 

That this should be so is not after all very surprising, when the com- 
paratively small elevation of the Corcovado range is considered. The prevailing 
wind on this coast is slightly cast of south {vide 0 Clima de Rio de JaneirOj^ 
1892) and this, striking the abrupt rise of the mountains, naturally precipitates 
heavily upon their shoreward side, while passing with less disturbance over 
the foothills upon which stands the city itself. But, so far from the Corcovado 
group seriously diminishing the water supply on their leeward side, the ground 
there is largely swamp. The stream of moist air, upon which the character 
of the climate chiefly depends, is of too great a depth, apparently, to be 
wholly interrupted by so moderate an elevation as 30()() feet. 

1 The total precipitation at the Horto in 1912 was 2*238 metros. 
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An everyday observation supports this idea. The intensity of the sun’s 
rays in Rio, even in the height of summer, with vertical illumination, is 
never extremely high, so that none of the precautions against sunstroke, 
which are inevitable in similar latitudes of the Old World tropics, seems to 
be necessary. Although under full insolation, neither animals nor herbage 
suffer as they do in the Indies or in Africa, an effect which is most probably, 
if not certainly, attributable to a great depth of very moist air, derived from 
the immense ocean spaces over which the dominant winds travel. 

The intimate connection between Rio and the Corcovado group of moun- 
tains is strikingly unusual for a city of such size. The vertical walls of rock 
rise in some places literally from the streets, and animals from the jungle 
not infrequently enter the town. The site is so uneven and broken up by 
volcanic bosses that even in the centre of the city there rise here and there 
inaccessible knolls crowned with untouched forest. 

It must not be supposed however that this plutonic mass?/ forms an isolated 
group of peaks. It is simply a spur of the great Serra do Mar, which runs, 
roughly, from Sta. Catherina^ along the coast to the north of Victoria in 
the State of Espiritu Santo, a distance of about 900 miles. The range is 
extended by lower hills northwards to the Rio S. Francisco, a further 750 
miles. This great and irregular range delimits a coastal strip of hot moist 
country which all along is of the character typified by the portion near to Rio. 

Passing inland across the watershed of this range the rainfall lessens, and 
a plateau is reached of rich arable land from which forest has been mostly 
removed. In many neighbourhoods the ground, cleared of forest by burning, 
has been allowed to degenerate into coarse grassland, covered by a rank 
growth of Tristegis glutinosa^, a sweet tasting but very glutinous grass, 
which may reach three feet in height. This is of use only as grazing ground^. 
The drop in the rainfall is not considerable enough to render the growth 
of rain-forest impossible, and consequently all over this plateau the open 
country, cultivated or pastoral, is still variegated by patches of forest, often, 
for example, on hill tops where it has not been disturbed by clearing, rivalling 
the forest of the coastal zone in luxuriance, though poorer in species. Especially 
is this the case near the larger rivers, where forest and palm-brakes alternate 
with swamps in which beds of Marantaceae and Araceae produce a stately 
effect, suggestive indeed of horticulture and deliberate design. 

The climate of this plateau is in all respects less tropical than that of the 
coast region. The further (inland) limit of this plateau is the Serra da 
Mantaqueira, which is reputed the highest in Brazil, reaching 10,600 feet 
at the peak of Itatiaiaossu. This is sufficient to mark a decided break in the 

1 The classic ground of Fritz Muller’ s work. 

* The “capimela” of the Brazilians. 

® A large scale demonstration of the folly of indiscriminate clearing in the tropics, originating 
in ignorance of the ecological conditions of the natural vegetation. 
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climate and beyond it we enter upon the ‘"Campos” country, a strip of 
xerophytic steppe and savannah between the last-named range and the water- 
shed of the Amazon tributaries, once across which we soon again enter forest 
country. Such in brief outline is the distribution of climate in South Brazil, 
by which the climatological status of our area round Rio may be judged. 

Observations were carried out in the forest all round Rio, and to a less 
extent on the plateau on the inner side of the Serra do Mar. A visit was 
also paid to some extremely rich forests on the Serra do Mar farther to the 
south-west, near Santos. 

The centre of operations was, however, at the Jardim Botanico of Rio, 
which lies on the south-west side of Corcovado, neighbouring the Horto 
Florestal. This is outside the true city area altogether. The gardens lie at 
the mouth of a short valley running up between Corcovado (which almost 
overhangs it) and a smaller hill. The gardens provide extremely good accom- 
modation for research, and a complete equipment of material. Attached to 
the gardens is a small hill, some 200 feet in height, an outlier of the loftier 
neighbours of Corcovado behind it, and covered with forest of great luxuriance, 
true rain-forest, which is part of the general mountain-forest of the neigh- 
bourhood. As this area is included within the garden boundaries it has been 
protected from indiscriminate cutting. Some cutting has been done in the 
past, but the forest on this hill, although not among the richest portions in 
point of species, remains an adequately representative sample of all around 
it. It includes slopes in three directions, a flat piece upon the top, a small 
ravine and a stream of water, and an example of a rather rare phenomenon 
in tropical rain-forest, i.e. a pure society of a single species of palm^ 

The nature of this small hill, in view of its immediate proximity to the 
garden and the laboratories, marked it out as a suitable centre for experi- 
mental work, and it was accordingly so employed during my whole stay in 
Rio. 

The outline map in Fig, 1 shows the topographical relations of the gardens 
and the hill in question. The garden boundaries are indicated by the dotted 
line, and show the portion of the hill included within them. 

Climate. It is not necessary here to do more than sketch the salient 
features of the climate of Rio de Janeiro, as the details which bear upon 
the experimental work are referred to particularly under the appropriate 
sections. 

Firstly in regard to Teniferature. 

Records of temperature are available from 1781-1788 and 1851-1905. 
The mean annual temperature for the period 1781 1905 was 22*83"^ C. For 
maxima and minima we have only figures available from 1891-1905. During 
this period of fifteen years the absolute maximum recorded was 38-0'^ C., and 
tl^ absolute minimum recorded was 11-2° C. The mean of monthly maxima 

^ Asierocaryum Airi von Martins, 
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drtng fifteen years was 26.2'>C., wiile the mean of monthly minima waa 
withLlve^! m ‘’tT" •™>8« temperature 

y either above or below the general mean The 

£ to bTiXT absolute minimumissnfficiently 

on “'cTo; cv -i: rf "?■ 

ropic 01 Capritorn. That a place jn this geographical 


ToTuuca'* 



ToTira. 


Fig. 1. Outl'ne map of the Jardim Botanico and its environs T)io rmni 

the paths shown by fine lines. To the left the « i ** j i- ®r® m the middle, 

forest area enclosed by the gardens rising to aboiit*9ftn°tt* nT boundary of the 

position should enjoy a climate which ia thorouehlv enuatoriQl lo .a 
IS attributable to the influence of the equatorial curLt which swee^ZT 

iZZ””' rt ?.T*’ into-tropical climate and vegetation^ 

abi Next consider Humidity. For this records from 1891-1905 are also av^il- 
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The average for the entire period is 78*5 per cent, relative humidity — a 
fact which speaks for itself. The highest relative humidity recorded (in a fully 
open situation) was 84*5 per cent., and the lowest 69*7 per cent. Both these 
records, curiously enough, fall in the month of December, which according 
to the tables published is on the average a month of low humidity, though 
not so low as July, the month with minimal average. 

This may be taken as indicative of an irregular distribution of humidity 
through the year. 

In regard to absolute humidity we possess records of vapour tension for 
the same period as above, the general mean being 16*5. The absolute humidity 
depends upon evaporation, and that upon rainfall, which is a rigidly periodic 
function. Correspondingly the absolute humidity shows a periodic variation, 

being higheM in the hot months (December- March). The curve follows very 

approximately that of rainfall. In correlation with the fact that the highest 
absolute humidity occurs in the hot months, the relative humidity then rises 
to a secondary maximum also, so that the period of the year when unfavour- 
able conditions in regard to water supply are extreme is not that of the hot 
season, but rather during the colder months (May — September) when rainfall 
and humidity are at their lowest, and nebulosity also at its minimum. It 
may be pointed out that there is a remarkable similarity between the curves 
of relative humidity and nebulosity, illustrating the inter-relationship of the 
two factors. 

Lastly about Rainfall. ^ 

The mean annual rainfall from 1851-1905 is 1*112 metres or 43*7 inches. 
This is surprisingly little when we put the elevated temperatures into relation 
with the high relative humidities, and suggests that the latter must depend 
largely on nebulosity rather than actual rain, which we have seen above to 
be probably the case. 

Although the averages taken over long periods show a regular periodicity 
through the year, the cool months being also regularly dry and the hot months 
wet, yet the rainfall in particular months is apt to show large, anomalous 
departures from the usual averages. The annual rainfall remains, in spite 
of these irregularities, fairly constant about the figure given above, but the 
departures from the normal in several cases are enough to upset the periodic 
curve for that year entirely. 

The climatic conditions of our region may be summed up in a few words: 
a high average temperature, the hottest period being from October to March 
and the coolest from April to September: a high average humidity, rising 
often to very high^: a rainfall which is not strikingly high, but which is 
usually highest during the hot months and slight during the cold months : 
nebulosity, also high in the hot season, but showing a marked diminution 

^ Even in the absence of precipitation. The typical S.S.E. wind comes over an enormous 
tract of ocean. 
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during the cold months. This is perhaps the briefest outline which gives a 
clear conception of the facts. 

I wish at this place to call attention to a method of analysis of climatic 



periodicity which might yield 
good results if applied to the 
solution of questions of plant 
distribution. 

Schimper has drawn atten- 
tion to the sensitiveness of 
plants to apparently slight en- 
vironmental differences. Any 
method therefore which might 
aid in the investigation and 
particularly in the comparative 
valuation of climatic influences 
is likely to shed light upon 
periodic phenomena as a whole 
and possibly also on the balance 
of climatic and edaphic in- 
fluences on distribution, and on 
questions of the relationships 
existing between plants and the 
soil constituents ; for it has been 
suggested that cases in which 
the same species shows a vary- 
ing relationship, whether of 
affinity or repulsion, to certain 
soil constituents, are susceptible 
of explanation on climatic 
grounds which either affect the 
plant’s capacity for competi- 
tion with allied species or affect 
its relation to the soil solution. 

The method of analysis 
which 1 here put forward may 
not be new, but I am unaware 
that it has ever been applied to 


plant ecology, although the idea 


may be a familiar one, for aught 


Fio. 2. Comparison of the Rainfall Records on both 
sides of Coroovado. Rainfall at Jardim Botanico 
during 1912 (continuous line) compared with the 
average rainfall of Rio for the years 1891-1905 (inch) 
(dotted line). 


I know, to pure climatologists. 
I believe it capable of bringing 
out in a clear and concise manner 
slight differences of climate. 
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It is possible to combine into a single graph the records of various factors, 
although expressed in diverse units, 
by the following simple means. Each 
month is divided into three decades, 
giving thirty-six approximately equal 
sections of the year. Then for each 
decade, and taking each factor separ- 
ately in turn, we find the ratio sub- 
sisting between the actual record of 
the factor for that decade and the 
mean of the same factor for the 
year. 

These ratios (between each cli- 
matic factor and its mean) are added 
together for each decade separately 
and the totals each divided by the 
number of factors employed. The 36 
arithmetic means are then plotted to 
form a simple curve. 

The factors concerned must be 
treated in such a way that for each 
one, considered singly, a rise would 
imply an increase in favourability in 
the climate, cderis paribm. 

Thus for the curve here reproduced 

the four factors used were tempera- Kio.3. Variation-cycle of Climatic P'avourability 
ture, relative humidity, rainfall, and as defined by the four factors: Temperature, 

clear days. The last represents the Bain tall, lielative Hunndity, and Sunshine. 

‘ 1 . . I 1 For explanation see text, 

amount of sunshine received, perhaps 

even more effectively than simple sunshine records. Direct black-bulb 
records of solar radiation are not suitable for the purpose, as an increase 
in this is not necessarily favourable. The curve of nebulosity is exactly the 
reverse of tlie curve we wish to plot, but the curve representing the number 
of clear days (taken as being days in which nebulosity does not reach -5) is 
almost exactly the reciprocal of that of nebulosity and thus is suitable for 
our purpose. 

Increase of each of these factors may be justly regarded as being favourable 
to vegetation, and vice versa, if other factors remain constant. Thus the 
final curve of their ratios with their means in each decade of the year will 
indicate the general favourability or otherwise of the climate, enabling com- 
parisons of total favourability to be made. It must be admitted that this 
should not be regarded as perfectly attained in the present instance, for the 
number of factors concerned , is limited to those whose effects upon plants 
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are tolerably well known; but it seems capable of further elaboration and 
expansion^. 

As far as this goes it may be remarked that there appears to be a decided 
periodicity for the year as a whole. The depressed temperature and rainfall 
for the months July to October lower the total favourability,- in spite of a 
marked increase in sunshine, or rather “clear days.” 

Another point brought out is the declining favourability in February, 
which is usually regarded as the height of the hot and rainy season. This 
is due to the great nebulosity of the month. It will be noticed that there is 
a great rise in favourability at the end of the year, from practically the nadir 
at the end of October to the zenith in the beginning of January. By good 
fortune this coincides with the period of my visit, so that the experimental 
records, although over such a short period, really cover almost the extreme 
range of the climate. This rise in the curve also coincides, it is especially to 
be noticed, with the beginning of the growing and principal flowering season. 

The climate may be said to be at its “norm,” where the curve cuts the 
line of unity (where the average of the ratios is 1), in March, the first decade 
of June, and the first decade of December. 

2. Objects and Methods. The objects in view were four: primarily the 
estimation, with what exactitude might be possible, of some of the ecological 
factors included under the titles of (1) Humidity and (2) Illumination. 

Much has been written about the great humidity and dim light of tropical 
forests, but little or nothing has ever been done towards establishing an 
experimental estimate of what these things mean to the plants. The compari- 
sons which have previously been made between tropical and temperate 
climates have dealt only with the open, and, except for a few isolated observa- 
tions of Haberlandt’s^, 1 have sought in vain for any records made actually 
inside rain-forest, and was therefore obliged to begin from first principles. 

It was also hoped to discover how these conditions affected the under- 
growth plants, morphologically and otherwise, in relation to (3) the Transpira- 
tion Problem and (4) the Assimilation Problem. 

No intensive study of a particular factor was attempted, but the idea 
followed was to sample the conditions as widely as possible in the very 
restricted time, merely to indicate the range and variety of the questions 
awaiting thorough and painstaking investigation, and obtain some rough idea 
of the incidence of the chief factors. 

The methods employed could not be arranged beforehand, but were those 
which the conditions suggested and circumstances permitted at the time®. 

^ Since writing the above I find that a similar method has been employed by some human 
physiologists, though for a totally different purpose. 

’ Hab«rlandt; 189B. 

* A regular meteorological station was equipped at the Jardim Botanico at the end of 1913. 
Pull details of its first year’s observations are given in the Archivos do Jardim Botanico^ I, fasc. i, 
1916. 
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3. Ack&owlfidg^inents. My visit to Rio was due to an invitation from 
Dr J. C. Willis, the late Director of the Jardiin Botanico, whose guest I was 
during my stay and who placed the resources of the Gardens freely at my 
service. 

My gratitude is due to him and to all who assisted me in my investigations, 
particularly Senhores Dr Kopal and Dr Graciano, chiefs of the two laboratories 
in the Gardens; and Dr Armando Frazao, whose great kindness and help 
during my whole stay have placed me under the. deepest obligation to him. 

The work was completed at the Botany School, Cambridge. 


PART 1. HUMIDITY. 

Section A. ATMOSPHERIC HUMIDITY. 

(a) Records of Atmospheric Conditions. 

1. Humidity Records. As I have already mentioned, the general 
humidity of the air, even in the town, distant from all forest, is uniformly 
high. In Fig. 4 is reproduced a continuous hygrograph record which gives 

October 25 26 27 28 29 30 



Fig. 4. Diurnal humidity at Eio\Observatory from Oct. 24th ~;^0tb, 1912. The tracing shows a 
marked drop at or about midday, with a subsequent rise. On the 29th increasing nebulosity 
caused a reversal, with a secondary maximum at noon. 


a more detailed idea of the diurnal variation of this factor in the open 
air, away from any vegetation. This record was taken at the Observatory 
while testing instruments which J afterwards used in taking records in the 
forest. This graph is therefore strictly comparable with tliose of the forest 
humidity given later on, having been made with the same instruments. 

I must here express my great indebtedness to the Director of the National 
Observatory for the very kind loan of valuable recording instruments and 
also of standard thermometers and two rain-gauges, all of which were of the 
greatest possible assistance to me. 

The diurnal variation deduced from the averages \)^ fifteen years is a 
single curve with its maximum (81 per cent.) at 5 a. in. and its minimum 
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(73 per cent.) at 2 p.m. This is a simple variation caused almost certainly 
by insolation. The above graph shows, however, almost the reverse variation 
on several occasions, the maximum lying near midday. This may I believe 
be accounted for by a spell of increased nebulosity. Under a vertical sun 
the intervention of a cloud layer of moderate intensity scarcely suffices at 
all to reduce the temperature, but the drop under heavy clouding is marked, 
and is of course reflected in higher relative humidity. 

Turning from these records, I include firstly a specimen record made in 
the laboratory close to my forest area. There the humidity is consistently 
higher and the variation smaller, although the laboratory stands clear of 
vegetation. 

In the forest a large tree of Piptadenia communis which possessed a 
straight trunk rising from an undergrowth of average density was chosen as 



Fig. 6. Humidity in the Laboratory, .Tardiin Botanico. A curve of the same typical form as in 
Fig. 4, but with less irregularity and a smaller amplitude. 

a base-station for all experimental work. This was near the base of the forest- 
covered hill, and stood about 150 200 yards from the nearest edge of the 
jungle. To this tree were affixed two little instrument shelters with sloping 
roofs, open in front and with the sides also pierced with large holes to allow free 
circulation of air. One of these was fixed at a height of one metre and formed 
the “low-level station” while the other stood at a height of four metres, clear 
of the undergrowth, and formed the “high-level station.” 

These shelters were some two feet square, and served only to protect the 
instruments from drips — all that was needful owing to the thick canopy of 
foliage overhead — but instruments in them were otherwise exposed to every 
variation of conditions, including the access of sun-rays, a matter of note. 

In Fig. 6 is a continuous graph of the humidities at the low-level — that 
is, one metre above the soil and among the bushes of the undergrowth^. 

1 In order to mark the way to any chosen spot in a tropical forest it is essential to blaze 
the track in some way. Bed tags tied on the bushes are effective. 
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The continuance of an unvaried humidity of 95 per cent, from 6 p.m. on 
Friday till 10 a.m. on Sunday is particularly striking, but it is paralleled by 
similar although shorter spells of unchanged humidity at other points in the 
record. This I believe is a fact which has not before been demonstrated, and 


Nov. 11 12 13 14 1-5 16 17 



Fig. 6. Humidity at low-lovel in forest, from Nov. 11th — 17th, 1912. Note the high range of 
the curve, the small but regular midday fall, and the long periods of stagnancy. 


the existence of such stretches of absolutely uniform humidity testifies to 
the density of the shelter and stagnancy of atmosphere produced by the 
undergrowth. 

The periodical descent of the curve is to be accounted for in this way. 
The face of my hill lay towards E.S.E., but from due east it was shadowed 
by Corcovado. The sun, following a course to the northward, never shone 
vertically upon the hill-face, but when it overtopped Corcovado at seven a.m. 
or thereabouts, an immediate descent of the relative humidity is noticeable, 
and from then till six p.m. the humidity drops to between 70 and 80 per cent., 
rising again to a constant level at sunset. The minute variations in the mid- 
day curve are cauvsed by the sun-rays or sun-flecks passing over the instrumert. 

An examination of the foregoing particulars serves to illustrate this fact: 
that sunshine causes a drop in tlie humidity, even in the lowest layers of the 
forest, of 15-20 per cent, and that sun-rays penetrating the foliage may cause 
a local lowering of the humidity to 60 per cent, or less, while at night or in 
sunless weather the humidity may stand unvaryingly at 95 per cent, or may 
even touch saturation point. 

The next pair of graphs (Fig. 7) represent humidities recorded from the 
high-level, i.e. four metres above ground. This is above the level of all but 
the highest shrubs and so is in much opener air than the low-level station. 
Accordingly, the humidities show much greater variability than the former 
ones, and this variation is moreov^er more regular and consistent than at the 
lower level. Nevertheless it will be noticed that during the night the humidity 
rises as high as at the other level, that is to 95 per cent, and over, where it 
remains for several hours. During the sunny hours of the day the level falls 
much lower, comparatively, and the tiny fluctuations which in the case of 
the lower level records are attributed to sun-flecks passing over the instrument, 
are here, as one might expect, more numerous and more pronounced, because 

2—2 



Fig. 8. Humidity in Kio City from Dec, 2nd—9th, 1912. Drawn from published observations. The range is 
considerably lower than in the forest (Figs. 6 and 7) and the amplitude less. 


It is often assumed that the high-forest trees have to endure rather low 
humidities during the hottest hours of the day, but in South Brazil the 
ordinary open-air humidities are on the average so high that there cannot 
be anything very exacting for the trees to endure. In Fig. 8 is given a graph 
drawn from the published observations made at the Rio Observatory during 
this period. It will be seen by comparison that the records at the high-level 
in the forest itself resemble these Observatory records in essentials, some- 
times showing an even lower range. This aberration is probably accounted 
for by the action of wind. The “Rosa Anemoscopica’' published by the 
Observatory shows that wind from the S.S.E. prevails enormously over all 
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other directions. The face of my hill lay E.S.E., exposed fully to the wind, 
whereas the instruments on the terrace of the Observatory are not so exposed. 

Apart from this, the average of relative humidity at the Observatory is 
lower than at the Botanic Gardens, as shown by the Horto Florestal records, 
so that it seems clear that even the highest stratum of trees — the “roof” 
of the forest as it were — is not exposed in ordinary circumstances to humidities 
as low as those which trees in our own climate are called upon to encounter. 

In one peculiar way the forest protects itself in an automatic manner 
from the effects of strong solar radiation. The establishment of high relative 
humidities combined with high sun temperatures necessarily implies high 
rates of evaporation. The total amount of vapour transpired by the upper 
layers of the forest is doubtless very considerable, especially so in the case 
of forest growing on the higher and more exposed slopes of the mountains, 
and this vapour, rising along the precipitous mountain sides, condenses into 
clouds at a height of from 2000-3000 feet, shading the forest from which it 
has risen. Such “transpiration clouds” may be seen constantly overshadowing 
the forests in clear summer weather, even when the sky is elsewhere cloudless. 
I do not doubt that these clouds increase the nebulosity records for Rio to 
a considerable extent above those of inland stations of similar latitude, such 
as Sao Paulo, where the forests have been mostly cleared away. 

CenT. 



Fig. 9. Maximum and Minimum Temperatures in shade on the floor of the forest. 

The two limits vary independently to a remarkable extent. 

2. Temperature Records. The temperatures in the open have been 
dealt with previously, but readings were taken also in the deepest shade of 
the forest at the Base Station. A maximum and a minimum thermometer, 
lent and verified by the Observatory, were placed across twigs at about six 
inches above the soil level, shaded from the direct access of any sun-fleck 
by the bole of a large tree, and read every morning at ten o’cldck, whenever 
possible, from November 4th to December 10th. 

The readings are given in Fig. 9 and form an interesting contrast with 
the figures for the solar radiation published by the Observatory {v. Pt. II). 
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The temperatures in the forest are decidedly high for shade temperatures but 
it will be remarked that there is no close correspondence between the rise 
and fall of the two sets of records. Wind and evaporation are no doubt 
contributory causes introducing disturbance into the readings taken close to 
the forest floor. 

As the internal temperatures in the jungle affect the vegetation, both 
indirectly by raising the amount of moisture which the air is capable of 
absorbing, and directly by the stimulus to metabolism and to decay and 
nitrification in the soil, I here lay some stress upon them. Their effect will 
be considered later. 

Nov. 18 19 20 21 22 23 24 



Fig. 10. Temperatures in the shade outside the forest, taken in the garden laboratory, 
Nov. 18th — 24th, 1912, to be compared with Fig. 11. The hi^ midday range on clear 
days is noteworthy, and the depression of the amplitude by nebulosity, as on Nov. 23rd. The 
very steep rise immediately after sunrise, about 6 a.m., is conspicuous. 

Above is reproduced a continuous thermograph of the temperatures at 
the high-level box at my base station (four metres), The character of the 
curve corresponds very well with the record of shade-temperature outside the 
forest in the laboratory (Fig. 11), but shows a restricted range. As one 
might expect, the internal temperature of the forest maintains a higher 
average than the external world, but with a smaller fluctuation. Nevertheless, 
above the terrestrial shrub layer which cuts off the “upper levels” of the 
forest from the “ground levels” the readings of temperature as well as the 
humidity follow the fluctuations observed outside, induced by cloudiness, 
variation of humidity, etc., whereas the “ground levels” do not. 

For comparison with the maximum and minimum records there is shown 
here (Fig. 12) a record of the temperatures taken in the lower-level box (one 
metre) with a delicate thermograph. This record, being less exposed to the 
effects of radiation and evaporation, probably gives a truer rendering of the air 
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temperatures. The remarkable constancy is at once evident. The average is 
low, about 21^^ C., but to compensate for that the drop in the early hours of 
the morning is much less appreciable than in the ‘‘upper levels.” 

The minima in the graph compare closely with the minima near the soil 
but the maxima are lower owing to the aforesaid causes. 

3. Conclusions. The dense layer of terrestrial shrubs seems to cleave 
the forest into two portions, the lower possessing a climate cooler and 
more humid than the brighter regions above, less exposed to variation, and 

Nov. 18 19 20 21 22 23 24 



Nov, 25 26 27 28 29 30 Dec. 1 



Fia. 11. High-level temperatures in forest. Nov. 18th — 24th, and Nov. 25th — Dec. 1st, 1912. 
It will be noticed that the upper curve shows, day for day, an obvious correspondence with 
the shade temperatures in the laboratory, but with a higher range and smaller amplitude. 
The sudden rise at sunrise is even more marked than externally in the open, as shown by 
Fig. 10. 

less affected by conditions external to the forest. This is opposed to the 
generally accepted view that tropical rain-forests exhibit no phenomena of 
layering comparable with that in temperate forests. Above the terrestrial 
shrubs, the smaller trees and the epiphytes flourish under mesophytic condi- 
tions of atmosphere. Below the shrubs we find a world of small shrubs and 
herbs with whose peculiar environment I am now concerned. Both they and 
the shrubs are affected by the climate and the soil-conditions in an unfavour- 
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able manner. The higher layers, excepting the epiphytes, are of course subject 
to the same soil conditions, but their climate is temperate and favourable. 

The high forest trees on the other hand, under the same soil conditions, 
have to face a climate almost the reverse of that experienced by the lower 
layers. The lowest and the highest layers present peculiar problems, and the 
experimental work here described touches only the lowest layers, where the 
conditions seem to be most unfavourable to vegetation. 

Noon 22nd Midnight Noon 23rd 



Fig. 12. Diurnal temperature curve taken in the low-level shelter in forest. Noon Nov, 22nd — 
noon Nov. 23rd, and noon Nov. 25th — noon Nov. 26th. The range is high and steady (20® C.), 
even during the period of the early morning minimum shown in Figs. 10 and 11, and the 
amplitude is very small compared with the external temperatures. 

(6) Transpiration Experiments. 

1. Transpiration of Leaves of Different Types. An estimate of the 
actual rate of transpiration going on in the lowest stratum of the forest was 
made by means of leaves severed under water and placed with their stalks 
in tubes of water, the surface being protected by a thin film of olive oil. 
These tubes were hung on a wire, between two plants, at a distance of only 
a few inches above the soil, and in the shade of shrubs. As a check of the 
atmospheric conditions, hygrograph and thermograph records were taken 
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over the same period, the instruments being placed actually on the ground, 
while evaporation was measured by the loss in weight of a beaker of distilled 
water kept filled to within 3 mms. of the rim. The experiment extended from 

Gms of H||0-1 o 88 per sq. decimetre per hour 



Fkj. IB. Transpiration Test in Forest Undergrowth. 

A. Passijiora sp. B. Acalypha commitnis. 

C. Anthnrium sp. D. Mimom sepiaria. 

E. Echites peltatm. F. Free-surface evaporation of water. 

Each species is represented by three columns, which stand for the average transpiration over the 
periods (1) Dec. 9th — 10th, (2) 10th — 11th, (8) 11th — IBth respectively. 

December 9th to December 13th. Its further continuance was prevented by 
heavy rain. 

I should like to emphasise the difficulties, both climatic and zoological, 
under which experimental work has to be carried out in the rain-forest. 
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Sudden changes of weather spoilt two previous attempts at the above enquiry, 
and at this third attempt one leaf was eaten by leaf-cutting ants, while 
personal difficulties are no slight trouble. 

Free-surface evaporation appeared the only practicable method of 
measuring that factor, as both the porcelain pot atmometers set up at the 
forest base station became smothered in fungal hyphae in less than forty- 
eight hours. 

In order that comparative data might be obtained, leaves of different 
biological types were chosen, both from the lower layers of the forest and 
from the open sunlight. 

The following were used (Fig. 13): 

Shade leaves of the forest: 

Anihurium sp. groen and glabrous, subcoriaceous 

Echites peltatus Surface velvety, texture herbaceous 

Mimosa sepiaria A tall shrub, leaves nyctitropic, compound bipinnate. 

Sun leaves from the open garden: 

Acalyph/i communis Red, smooth surface, herbaceous 

Passiflora sp. Green, herbaceous, surface glabrous. 

The areas were estimated afterwards by weighing paper replicas of the 
leaves and the average water loss in grams per square centimetre per hour 
are given below: 

A. Anihurium *00032 gm. per sq. cm. per hr. = 3*2 gms. per sq. met. 

B. Echites *0017 „ „ =17*0 

C. Mimosa *0014 „ „ ™14*0 „ 

D. Acalypha *00117 „ „ -11*7 „ 

E. Passiflora *00068 „ „ = 6*8 „ 


Dec. 0 10 11 

Liz.nxii / McurcUy / Mercredi 



Fm. 14. Relative humidity on ground level during transpiration experiment. 

The average evaporation over the same period, in the same units, was 
•0043 gm. Thus it will be seen that the highest rate of water-loss found was 
only *4 of the free aqueous evaporation. I append graphs illustrative of the 
conditions under which transpiration was carried on. The hygrograph (Fig. 14) 
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shows regular fluctuation between 60 and 95 per cent. 
The thermograph shows that the temperature only 
changed in a negligible degree over the period covered. 

It will be noticed on referring to Fig. 13 that the 
evaporation of the water fell off considerably towards 
the end of the time, with a corresponding drop in the 
transpiration. This is quite independent of prevalent 
conditions exterior to the forest during the same period, 
as will be seen by reference to the graph of evaporation 
at Rio Observatory (Fig. 1 5). The comparatively slight 
effect of external meteorological conditions on these 
ground layers, as compared with the upper layers of 
the forest, is again emphasised by a comparison of the 
temperature chart (Fig. 14a) with the radiation inten- 
sities in the open for the same days, which average 
46° C. 

The imperfection of these investigations I regret- 
fully acknowledge, and I give them solely because they 
are the first attempt of any sort to deal ecologically 
with this subject. 

2. Comparison of the Tjrpes: Nyctitropism. 

Comparison of the behaviour of the different types is 
interesting. In view of the difficulties of transpiration 
it is worth notice that the highest rate was shown by 
a typical undergrowth plant {EcJiites), possessed of the 
velvety leaf-surface which Schimper and others have 
remarked as common in like situations. 

The nyctitropic folding of the leaves in mimosa did 
not seem to have any marked effect in lessening its 
water loss. This nyctitropic folding is remarkably pre- 
valent in the forests of tropical America and no reason 
has 1 believe been yet proved satisfactory to account 
for it. I do not hesitate to say that it has at least no 
significance as a protection against water-loss, since the 
humidity appears in my records to be highest at night, 
and the leaves seem to lose water at a very moderate 
rate even during the hotter periods of the day. Further, 
more than 25 per cent, of the imdergroivth plants possess 
pulvini to their leaves and show similar movements, 
although they are remote from any danger of exces- 
sive water-loss. The movement, it may be pointed 
out, is as often as not upwards and not downwards, 
thus increasing the exposure of the lower leaf-surfaces 
and the stomata. Nor does the structure of the 
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pulvini throw any light on the question. In one of the commonest 
pulvinate species of the ground flora (Calathea longifolia) the section 
of the pulvinus is oval, with its longest diameter vertical. There 
is a zone of sclerenchyma completely encircling the lower portion of the 
pulvinus, but running in a horseshoe form round the lower sides only in the 
region where bending takes place, the upper surface being here occupied by 
a broad zone of collenchyma. This is probably a mechanical arrangement 
to facilitate bending^ The cells of the ground tissue are large but firm- 
walled, with no noticeable intercellular pits for communication, and very 
small intercellular spaces. The bulk of this tissue is certainly passive. 
Excentrically, and nearer the upper surface, there is a core of much larger 



Fig. 15. Evaporation Measurements at Kio Observatory in mms. of water. The portion between 
the parallel lines is that covering the period of the transpiration test in the forest. 


and thinner walled cells which appear to collapse in 95 per cent, alcohol. 
This I conceive to be the agent of the motion, achieved by variation of 
turgor relative to the passively turgid tissue on the lower side. Even granting 
this to be so, however, the cause of the movement remains unexplained. 
I have shown it to be unconnected with transpiration needs and I believe 
ray observations show the night and day fluctuations of temperature at low 
levels to be too slight to account for it®. The only remaining factor which 
appears likely to have a rapid influence is the presence or absence of light, 
and I would suggest that an explanation of the phenomenon of nyctitropism 
may be sought in reference to the presence or absence of osmotically active 
assimilation products, e.g. sugar, in pulvinar tissue readily sensitive to 
differences of turgidity, and so situated in the pulvinus that fluid changes 

^ In Calathea the leaves move upward at night. 

2 Darwin (1881) called temperature changes into play to account for the phenomenon. 
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in it would upset the mechanical balance of the tissue strains, resulting in 
movement. Though the explanation may prove to be of this order, the 
ecological significance of the movement remains unexplained, unless possibly 
it enables the plant to avoid the effect of the deposition and subsequent 
evaporation of dew on the lower surfaces of the leaves. 

When, as we know from the work of Balls^ with the stomatograph, plants 
exposed to strong sunshine may be prevented by rapid evaporation from 
opening their stomata and assimilating during the heat of the day, it is 
possible that the clogging of the stomata by moisture during the early sunshine 
of the morning, when assimilation should be active, would impose a dis- 
advantage which the plant does well to avoid*-^. 

The motion of the leaves of ground herbs due to pulvinar action is of 
undoubted value in assisting them to catch favourable light and this may 
be the significance in all such cases. 

3. Comparison {cxmiinued ) : Moiphological Types. To return to the 
transpiration of the other leaves. The two lowest amounts were given off by 
the two leaves which would have been considered most different biologically — 
Anthurium and Paasiflora. The leaf of the former was from a plant which 
hardly raised itself above the soil in deep gloom. To judge from the figures, 
it would seem that the young leaves are as incapable of effective transpiration 
as the leaves of the strongly heliophilous PuHsiflora, when introduced into 
like surroundings. If we incline to the view that the excessively low transpira- 
tion rate of some plants in this humid atmosphere must put them at a 
disadvantage in the matter of mineral salts compared with those species 
which manage to keep up a fair rate of water-passage, then it seems only 
logical to suppose that they must get a smaller supply of raw material from 
the soil, though they may continue to exist on what they get. We therefore 
would suppose that species capable of higher transpiration in an almost 
saturated air are better adapted to such an atmosphere than those which are 
not so capable. It remains to be seen however whether any directive 
adaptations towards this end are exhibited in the structure of the plants 
involved. 

While on the question of functional differences between leaves it seems 
proper to call attention to the relatively larger amount transpired by the 
red leaf of AcalyjyJia, which although also a sun plant seemed better able to 
carry on this function here than Passiflora. I shall have occasion later to 

^ W. Zi. Balls, “The Stomatograph,” Proc, Roy, 8oc. 86, B. 1912, pp. 33-44. 

A similar hypothesis of the significance of nyctitropic movement of leaves was put forward 
by Stahl (1896), but his idea that the disadvantage of the deposition of dew on the leaf was 
its prevention of transpiration is inadmissible, partly on the showing of the above experiment 
and further with regard to the observations of Kohl (1880) and Wiesner (1876) that the 
wetting of leaves, where it has any effect, tends rather to increase the transpiration, the stomata 
absorbing the surplus water and thus opening more. But see Slireve (1914 a) for the contrary 
view of the wetting effect. 
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show that greenish light is a prominent constituent of the forest illumination, 
and I am inclined to regard the above result as attributable to the superior 
absorption of these rays by the red leaves with a corresponding rise of tempera- 
ture and greater water-loss, a condition analogous in its way to that prevailing 
at depths of a few fathoms in coastal waters, where there are concordant 
assimilatory circumstances, with corresponding effects on the vegetation 
colouring. Indeed, in more than one respect a parallel might be drawn 
between conditions in the depths of a tropical rain-forest and in the sea. 
I put this colour-factor forward now as a suggestion in explanation of the 
Acalypha figures, though I consider differential absorption of light to be of 
much greater general importance in the matter of assimilation than of 
transpiration. The general characters of the leaves of jungle have been 
summarised by Schimper and by Lindman^, and I can add but little to what 
they have said. The predominant form is everywhere lanceolate or lanceolate- 
ovate, entire, and either simple or compound-pinnate. The surface is in far 
the greatest number of cases glabrous and shining, and next in frequency, 
glabrous with a smooth lustreless surface. Hairy or woolly leaves occur, but 
only rarely, the outstanding examples being the Melastomaceae. Glaucous 
leaves occur in about 20-25 per cent, of the undergrowth species. Usually 
the leaves are dull green, but \ ariegations of dull red and brown and occasional 
silvery leaves are not uncommon in the ground flora. The most frequent 
departure from the lanceolate form is among the lianes, whose leaves are 
often strongly cordate. Shrubs, also, have sometimes leaves with prolonged 
basal auricles, served by channelled veins, which seem designed to carry off 
the drainage water clear of the stem. This is the more necessary as the average 
daylight position of the leaves is obliquely upwards, thus throwing the drainage 
to their proximal end. This posit ion is reputed^ to render them less vulnerable 
to mechanical damage by heavy rain, but is j ust as conspicuous in the sheltered 
undergrowth of the forest as in species which are by stature or habitat generally 
exposed to that effect — never in any case very considerable in the American 
tropics. 

The position seems rather an adjustment to illumination, analogous to 
that observable in sclerophyllous bushlands, but for reasons of weak rather 
than strong illumination— -the effect being to expose both surfaces of the leaf 
to diffuse light and hence to increase the assimilating area. The leaf-mosaics 
are unusually perfect among undergrowth plants and the adjustment of the 
leaves to the varying angles of the sun’s rays is very thoroughly effected by 
their petioles and pulvini. Pulvini may serve many ends by the movement 
of the leaves. I do not believe any single hypothesis can cover all the facts, 
but whatever may be the reasons, the need for leaf adjustability in the 
tropics has called into existence active pulvini throughout numerous families, 
in a degree quite unknown in temperate regions. 

‘ :blndman (1906). 


^ StaU (1893). 
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A beautiful example of leaf adjustment is to be found in the little fern 
Cheilanthes radiata. Every pinna of the frond is pulvinate and sets itself 
diaheliotropically with the utmost precision. Should the plant be unevenly 
lighted the effect of the irregularity is strikingly shown in the leaves, all the 
pinnae standing behind one another at the exact and appropriate angle, like 
good soldiers drilling. 

The elongate apices known as “drip- tips,’' described by 8tahl (1893) and 
considered by him as an adaptation to facilitate drainage of adherent rain- 
water, are plentiful and widely distributed among the plants which form the 
undergrowth of American jungles, though they have been more frequently 
examined by workers in the Blast, particularly in Java. It is impossible 
for me to criticise Stahl’s conclusions as to the function of these “Traufel- 
spitze” in Java, where rain is much more violent and more frequent than in 
the western tropics; but I do not believe that in the region 1 am now dealing 
with they have the importance attached to them. Stahl held that it was 
an ecological advantage to a plant in jungle to be able to dry its surface 
quickly, avoiding the cooling effect of evaporation. This explanation has 
been effectively disposed of by Forrest Shreve (1914). The alternative 
suggestion is that of Jungner (1898), F at rapid drying protects the leaf 
from colonization by epiphyllae. 

Three arguments seem to me to tell heavily against this theory: (1) that 
the leaves are commonly held in an oblique position, points upward, in which 
case the drainage is of course reversed and runs to the proximal end: (2) that 
in the great majority of cases (70 80 per cent.) the “drip-tips" of mature 
leaves are withered and shrunken, or have dropped off: (3) that the possession 
of these points does not in effect protect leaves against the encroachment of 
epiphyllous plants, which occur thickly on some species of Piper possessed 
of these appendages^. 

What does seem to be of importance in hindering the attacks of epiphyllae 
is the quality of the leaf-surface. Leaves with a velvety or hispid surface 
are almost invariably free, and those with a highly polished surface nearly 
always. The leaves most commonly colonised are glabrous leaves wdth a 
smooth dull surface. Many of these bear a load of Slrigtda or species of 
Lejeunea which must interfere greatly with their ability to assimilate. Jf 
the surface moisture left on the leaf after rain favours the attacks of these 
plants, and it seems a reasonable view, then the immunity of velvety leaves 
is probably due tp the rapidity with which they evaporate moisture, for it 
is readily observable that the leaves of Echitefi peUafvs, which have such a 

^ This elongation of the leaf-tips is possibly a shade-effect, consonant with tlie elongation 
of the whole loaf which 1 have found to bo well-marked in forest shrubs. A careful examination 
of the distribution of growth in developing leaves, under various conditions, would probably 
settle the matter. 
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surface, dry far more rapidly than the neighbouring glabrous leaves of other 
plants. The velvety surface increases evaporation, whereas the so-called 
“gutters” over the veins of some leaves rather tend to retain water un- 
necessarily by capillary action. 

Rolled leaves are unknown in the true rain-forest, but at high elevations 
(over 1000 feet, in the dry or “secondary forest”) Cyperus may be seen to 
roll its leaves at midday, in the way illustrated by the leaves of Ammophila 
arenaria on our own coasts. 

Pendant young leaves, such as those of Aniherstia nobilis in India, are 
decidedly rare, and I only observed them in one species of Eugenia among 
the shrubs of the forest, though Lindman figures a shoot of Casearia (Samy- 
daceae) with pendant leaves from cooler forests further south. This pendant 
position has been interpreted as (a) protection against excessive light; 
(6) protection against drought^. Some experiments made at Cambridge with 
young shoots of horse-chestnut, which have their leaflets deflexed in vernation, 
may shed some light on this. 

Immature leaves severed from the plant lose water in the proportion of 
1*78 to 1 of water lost by a mature leaf. One may therefore infer that they 
stand in greater danger of desiccation than mature leaves. This danger is 
checked in nature by the rapidity with which they draw water from the 
parent plant, for young (pendant) leaves were found to transpire, when still 
attached to their branches, in the proportion of 2*79 to 1 of water given off 
from an equal area of mature leaf. 

That the pendant position does not give protection against high transpira- 
tion is shown both by the above figures and by the fact that two sets of young 
leaves, one in the natural pendant position, the other artificially held horizontal 
by wires, transpired in the ratio of 101*2:100, with the slight advantage to 
the horizontal leaves. 

In the case of horse-chestnut then, the cuticular transpiration in the 
young leaf is sufficiently strong to swamp any protective effect that the 
pendant position may have upon the stomata. 

Of course, Aesculus is not a tropical tree, but a native of Asia Minor, so 
that it may be objected that it is not a fair subject for comparison. In spite 
of this the dependent young leaves so strikingly recall those of some tropical 
trees that one is constrained to think that the ecological end served must be 
similar. Excluding water-loss as the cause, this pendency would appear to be 
attributable to the injurious effect of strong sunlight. Young leaves taken 
from shrubs in the forest and exposed to the full rays of a vertical sun under 
glass, even in a saturated atmosphere, are rapidly blackened and killed. 
Protection of some sort against this lethal effect is therefore certainly 
needed. 


1 Keeble ( 1895 ). 
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In Fig. 16 are some photographs of the prevalent leaf-forms of the shrubs 


and herbs forming the lower 
strata of the forest. The domi- 
nance of lanceolate or ovate- 
lanceolate forms over any 
others is marked. Next to 
simple, entire-margined shapes 
such as these, either with or 
without the long acute apices, 
the imparipinnate type, with 
leaflets of similar outline to the 



simple leaves, are commonest; 
while in the case of bipinnate 
leaves, the outline of the pin- 
nae of the first order corre- 
sponds to the general outline 
of the simple leaves, even 
though these pinnae are them- 
selves subdivided into pinnules. 

4. Transpiration under 
Laboratory Conditions. A 
seedling of Psychotria^ with 
roots, was fixed in a closed 
vessel of water and placed in 
a green glass case in the labora- 
tory along with an open petri- 
dish of water, in order to 
compare the rates of trans- 
piration and evaporation under 
approximate atmospheric 
saturation, when an under- 
growth plant was deprived of 
most absorbable light and the 
advantage of an internal rise 
of temperature due to the 



Fig. 16. Leaf Types from Forest Undergrowth. 1 . Snjrin- 
du8. 2. Tradescantia : a, Shade Form, h. Light Form. 
3. Serjama. 4. Begonia spp. 5. Piper. 6. Ocotea. 
7. IHchorimndra. 8. Solanum. 9. PaycJwtrui. 


absorption of light by the 
chlorophyll. 

Transpiration progressed at 


10. Melastoma. 11. Mapouria. 12. Eugenia. 
13. Passiflora. 14. Pameum. 15. Anthurium. 
16. Actinostemon, 17. Bauhinia spp. 


about the same rate as in the forest experiment, namely, *00096 gm. per 


sq. cm. per hour, and evaporation at the rate of *0012 gm. for the same units, 


the relative humidity averaging 90 per cent.^ for the whole period — 96 hours. 


The whole plant gave off only 2*851 gms. of water for a leaf area of 30*96 sq. 


^ Measured by a Lemprecht Polymeter, the only instrument then available, 
Journ. of Ecology VII 
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crns. Considering the diluteness of the soil solution (see Section B) this can 
scarcely be considered adequate if it is regarded as the only means of obtaining 
the supply of mineral salts from the soil. We have also seen that the 
amplifying effect of the absorption of white light was negligible so far as the 
lowest plants of the forest are concerned, Anthnriurn for example transpiring 
less under normal forest conditions than the Psychotria which was deprived 
of assimilatory lighting. 

Under the shade conditions of the experiment it therefore appears unlikely 
that a plant with a coloration complementary to green would be at any 
advantage in this respect, as the heating effect of supplementary light absorp- 
tion, if any, would be extremely small; but it would gain an advantage in 
respect of assimilation. This remark does not apply, of course, to cases of 
sap-coloration dealt with before, such as that of the sun-plant Acalypha, 
but only to the red plastid coloration of certain shade leaves, which is 
essentially different from the anthocyan coloration of the young leaves of 
heliophytes. The latter is very likely a protective device, since tropical 
insolation can be very destructive to unprotected chlorophyll, as I have 
shown above in the case of forest leaves. This will be discussed at more 
length in Part II. Here only the effect of lighting on the transpiration is 
considered, and for these very low ranges of intensity it appears to be nil. 

A comparison of the rate of transpiration from both surfaces of a typical 
and widely abundant forest sciophyte, Calathea longifolia (Marantaceae), was 
made in the following manner. The leaf, attached to a rooted plant in water, 
was gripped between the ground rims of two glass jars and the joints sealed 
with soft wax. In each jar was suspended a small tube of strong sulphuric 
acid to absorb the water given off, so that transpiration took place into dry 
air. I he water-loss was as follows: upper surface *00012 gin. per sq. cm. per 
hour; lower surface *00063 grn., or 5*2 times as much as the upper surface. 
Ihus, in this plant, one of the most pronounced sciophytes, purely cuticular 
transpiration is very slight in mature leaves as compared with stoma tal. 
Indeed, it could hardly be otherwise, for many of the most typical sciophytes 
have quite a well-marked cuticle on their upper surfaces, and often upon the 
lower surfaces as well. This applies a fortiori to the shrubs and loftier plants. 
The paradox appears complete — plants living in a perpetually moist environ- 
ment have protective arrangements against evaporation. Although the cuticle 
does not compare with the covering of truly xferophytic leaves it is perfectly 
well marked, and suffices to cause a predominance of glabrous, more or less 
coriaceous, leaves in the undergrowth. There is only one explanation that 
presents itself. Referring once again to the hygrographs taken in the forest 
(Figs. 6 and 7) it will be seen that their course during the day is interrupted 
by very numerous small irregularities, which I stated, on observation, to 
be the consequence of sun-flecks passing over the instrument. There are 
practically no portions of the forest floor possessing any autotrophic vegeta- 
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tion which are not reached by these flecks of sunlight and therefore subject 
to fluctuations of temperature and humidity arising from them^. These may 
be very slight, but their effect would be to stimulate individual leaves to 
greater water-loss for short periods. 

Shade leaves are very sensitive to slight diminutions of relative humidity. 
Leaves of Echites peUahts were tested, while still attached to the plant, with 
a porometer, and it was found that in a shaded laboratory, even with a 
humidity between 70 and 80 per cent., the stomata were completely closed. 
Now if such a comparatively small drop in the relative humidity affects the 
leaf to this extent, we may assume that it is the constant recurrence of such 
slight falls in relative humidity which has brought about the development of 
the protective arrangements of the leaf^. Were the plant capable of even a 
slight degree of adjustment of water-flow such small changes would not have 
any adverse effect at all, and I feel it necessary to conclude that the under- 
growth plants are incapable of such adjustment, even to the extent of very 
slight acceleration of the water current. If these plants, living in a continually 
moist environment, appear incapable of meeting a rise in the rate of transpira- 
tion without showing signs of flagging, indicated by the closure of the stomata, 
it may mean that their root absorption is strongly impeded by some edaphic 
factor. 

Should anyone object that the protection above referred to may be brought 
about by seasonal changes of humidity rather than in the way suggested, 
it may be replied that according to the Observatory records published, the 
seasonal changes, even outside the forest, are on the whole so slight^ that the 
same argument, namely that the protection indicates a low power of root 
absorption, applies e(|ually to this case. Tt is possible that both causes are 
contributory, while a third possibility is that the xylem supply of the individual 
leaves is very reduced, corresponding to the habitually low rate of transpira 
tion. 

r>. Leaf structure and the Question of Adaptation. On the general 
question of adaptation it seems desirable at this point to examine in detail 
the structure of some typical sciophilous leaves, from the aspect of transpira- 
tion capacity. 

Firstly, in regard to the amount of intercellular space relative to the mass 
of the leaf. 

The leaves of twelve species were examined, six typically sciophilous and 
six photophilous species from the same neighbourhood for comparison. 

The results are given in vols. per unit weight (i.e. unit weight of leaf- 

^ The instrument recording the thermographs of the lower layers was intentionally protected 
from these sun -flecks, but the hygrograph was not. 

2 Francis Darwin points out that many plants close their stomata when brought from a 
greenhouse into a laboratory, but tliis in a temperate climate implies a mueli greater drop in 
the relative humidity than in tht' above case. 

® See Introduction, p. 13, under “ Climate,” 

3-^2 
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substance encloses the stated amount of air space) because weight is susceptible 
of much more accurate determination than area, and moreover by taking 
weight rather than area as a basis of comparison, differences in the total size 
and the texture of sun and shade leaves are neutralized, and the relation 
between mesophyll-substance and internal atmosphere brought out more 
clearly. 


Sun 

Leaves. 







D. 

zyo 





Fig. 17. Intercellular space per unit weight in sun and shade leaves at Eio. Each square repre- 
sents unit weight of leaf aubstance, and the figures give the percentage of its total volume 
occupied by intercellular space. 

Acalypha, Simple, broad, ovate, herbaceous. Solammi, Simple, lanceolate, very large. 
Sterculia, Simple, lanceolate, coriaceous. Tradescantia. Simple, lanceolate, succulent. 

Cmnamomurn. Simple, ovate, coriaceous. CoHus, Simple, linear-lanceolate, long. 

Cycas. Multipinnate, coriaceous. Pathos. Palmatifid, semi-succulent. ^ 

Byrsonima. Simple, lanceolate, coriaceous. Calathea. Simple, lanceolate, coriaceous. 
llosa. Pinnate, glaucous, coriaceous. Dieffmbdchia. Simple, lanceolate, coriaceous. 


Leaves were injected under diminished pressure with a solution of alcohol 
of sp. gr. -99 (about 4 per cent, absolute) which is too weak to cause any 
shrinkage of the cells, but possesses a much lower surface tension than pure 
water and hence penetrates more easily. The probability that the stomata 
may close under diminished pressure is evaded by making slits in the 
back of the leaf. The volume of fluid absorbed is deduced from its weight, 
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making allowance for its specific gravity and temperature (23° C. in the 
Laboratory). 

As one would expect, the absolute amount of air space in shade leaves is 
less than in sun leaves, their texture being thinner, but in proportion to their 
weight the case is reversed. The average amount of fluid absorbed by unit 
weight of the leaf is: 

Sun leaves 16-3 per cent. 

Shade leaves 24*8 ,, 

It must be pointed out that the contrasted species were of widely different 
affinities so that no question of ecads is involved, but rather a widespread 
difference impressed upon totally different plants by a variation in environ- 
mental conditions. 

For the sake of comparison estimates were made of some leaves at Cam- 
bridge, only in this case sun and shade leaves of the same species were chosen, 








Fio. 18. Intercellular space in sun and shade leaves at Cambridge. For comparison with Fig. 17. 

to illustrate the other aspect of the variation. The results bear out those 
obtained in Rio, the relative percentages being of closely similar order. 1 have 
not averaged these, because the aberrant 1*21 per cent, for the shade leaf of 
Primus suggests that it was probably immature ; but it can be seen that they 
resemble the Rio figures (see Fig. 17). 

As a check to these estimations there are those given by Unger (1854), 
found by injection in a large number of temperate species. Excluding the 
figure 71-3 per cent, which was shown by an aquatic, Castalia alba, the average 
of his results is 20-64 per cent. He does not distinguish carefully the nature 
of the environment in which he found his material. If we lump my sun and 
shade leaves together in the same way the average comes out at 20-55 per 
cent. — strikingly close to Unger’s. Nothing could better illustrate the uni- 
formity of structural type in the Angiosperms than the correspondence of 
these figures, obtained in localities so far apart and from plants of environ- 
ments so different in many important respects. 

Increase in the amount of intercellular space implies an increase in the 
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relative amount of cellular surface exposed within the leaf. It is improbable 
that there is any absolute increase in the amount of surface exposed, for 
observation shows that in many of the shade leaves the spongy mesophyll 
is of great tenuity, there being scarcely any more cells than are necessary 
to ensure connection between the upper and lower surfaces. Two teleological 
explanations of this relative increase of exposed surface are possible; either 
that, it aids in increasing transpiration or that it plays a similar part towards 
(X )2 assimilation. Both depend for their possible validity upon the capacity 
of the stomata for diffusion, and this we must proceed in the second pjace to 
examine. 

Haberlandt (1904) gives the number of stomata per square millimetre 
on the leaf of the oak tree as between 300"40() on an average, and appends 
a table from Tschirch reproduced here, showing an increase in the average 
number of stomata for the more humid over the drier habitats: 


PUmt 

Hah Hat 

Sto7nata per sq. mm. 

Nympham alba 

Water 

460 

(Upper surface) 

Nym, thermalis 

♦ t 

625 

(Lower surface) 

Quercus Hohur 

Forests 

346 

Quercus pedunculaUi 

,, 

288- 

-438 

Pr unufi domestica 

Orchards 

263 

•» 

Pyrus ynahifi 


246 

(Both surfaces) 

Triticum sativiim 

Fields 

70 

Avetm mtiva 

»» 

67 


Sedum acre 

Stony places 

35 


Sem,pervivum tectorurn 

Dry places 

25 



From these data it would be natural to expect large numbers of stomata 
in the habitat we are considering. This is not the case however. The following 
numbers are from the leaves of the commonest sciophilous species in my 
forest, representing twelve families: 


Physurus sp., Orchidaceae 

Tradescantia discolor, Commelinaceae 

25 per sq. mm. 

Light form 

38 

»» 

Shade form 

40 

>!» 

Ficus rubiginosa, Moraceae 

50 


Costus spicatus, Zingiberacoae 

68 

ft 

Anthurium sp., Araceae 

88 


Mapouria tristis, Rubiaceae 

88 


E chiles peltatus, Apocynaceae 

03 


Asterocaryum Airi, Palmaceao 

112 

»> 

Gornphia cuspidata, Ochnaceao 

130 


Solan, um auriculatnm, Solanaceae 

168 


Mimosa sepiaria, Leguminosao 

205 


Passi flora macrocarpa, Passifloraceae 

3601 

»» 


Now with the exception of Ficus rubiginosa, the leaves of which possess 
considerable water storage tissue, the above plants are almost exactly 
arranged in order of their average stature above the ground, as well as in 
ascending order of stomatal numbers, while none of them rival the numbers 
found in the typically mesophytic oak. 

It would appear then that in these forests there is no increase in the 

^ This number is almost certainly too high, the leaf not being fully mature. 
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number of stomata corresponding, by the general rule, to the high humidity; 
that indeed there is a very marked decrease in their numbers, and this is 
opposed to the idea of adaptation for the furtherance of transpiration. 

The herbaceous and low growing species given above almost all showed 
the ‘‘aquatic type” of stoma, associated with a high degree of humidity in 
the air surrounding them. That is to say, the pore is of slight depth, tlie 
“Vorhof” is suppressed and the “Hinterhof” rather large, while the guard- 
cells are either flush with, or even slightly raised above, the general surface 
of the leaf. The shrubs Mapouria and Echites have stomata of normal form 
with two vestibules, while it is especially worth remark that two of the species 
examined { Aster ocary urn Airi n.nd. Solanurn auriciilatinn), which usually reach 
to a height above the low shrub layer, have stomata surrounded by a con- 
spicuous ridge, formed by the auxiliary cells, strongly suggesting a restrictive 
mechanism. 

It is well known, however, that the diffusion capacity of the stomata 
varies according to their diameter, so that increased size might neutralize 
the apparent lessening of their numbers. With this in view the diffusion 
capacity of the leaf of one of the sciophilous species has been compared with 
the typically mesophytic HelianihuSy for which full data have been made 
available by Brown and Escombe (1900). For this purpose the same species 
of Arithurium used in the transpiration test was selected, because, while 
possessing an average number of stomata, it showed the lowest rate of 
transpiration of the plants experimented with: and came moreover from the 
deepest shade 

In comparing the two leaves no account lias been taken of the inter- 
cellular spaces. Although Anthiiriuni has the thinner leaf its mesophyll is 
much more lacunar than that of Helianfhas so that the absolute amounts of 
interspace are probably not far from parity. 

The stomata of Anthuriunt are not of the aquatic type common among 
the ground plants, but are of a rather small normal type (total length, 31 
micra) without a well-marked inner or outer vestibule and with a rather 
deep pore. The depressed transpiration might therefore, a priori, he laid to 
the charge of the stomata. The guard cells are almost, if not quite, chloro- 
phyll free, though not on this account, as Lloyd (1908) has shown, to be 
regarded as incapable of movement. It seems difficult, however, to believe 
that movement can be occasioned by direct light in the habitat in w hiclv the 
plant is found. On this, however, I have no further information. (See JJoyd, 
1908, p. 139.) 

The stomatal pore when fully open measures 17 > 3 micra. 

Depth of pore 12 micra. 

1 As it never flowered I regret that it was impossible to identify it sptjeifleally, a common 
hindrance to work in the jungle, when a flora as vast and imperfectly known as that of Brazil 
has to be taken into account. 
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Brown and Escombe’s^ calculations of the diffusion capacity of the stomata 
in the leaf of Helianthus were based upon their well-known formulae, which 
I reproduce for the sake of reference. 

In perfectly still air when diffusion shells are present on both sides of 
the stoma the diffusive capacity 


Q' constant 


A 

I + 2x 


( 1 ), 


and in air moving sufficiently to remove the outer diffusion shell 

Q == constant (2) , 

I + X 

where A == transverse area of the stomatal tube (assumed to be elliptical), 
/ length of stomatal tube, 


and 


TT 



X diameter of a circle equal to A 


== Y ^ •7854r, where r is the radius of a circle of area equal to A. 
At the same time A =7Tr^, Substituting in formulae (1) and (2) we get 

P)' 

and Q' = constant ; : (4)- 

If the pores are considered as elliptical, then 

A -^ 7rab, 

where a and b are the semi-axes of the opening. And as A as well, then 
Trab ^ TTT^ ov r ^ Vab, 

Now Brown and Escombe found that the open pore of the stoma of 
Helianthus was equal in area to a circle having a diameter of 10-7 micra. 
Therefore r 5*35 micra. The depth of the pore is 14 micra. 

Substituting these in our equations (3) and (4) we find 
Q' (still air) ^ constant x 1*275, 

Q (wind) constant x 1*57. 

In the case of Anthurium the open pore has an area equal to that of a 
circle of diameter 7*14 micra (40 sq. micra) so that r == 3*57 micra. The depth 
is 12 micra. Substituting we get 

Q' == constant x *725, 

Q == constant x'*86. 

In other words the diffusion capacity of the Anthurium stoma in still air 
and in wind is to the capacity of the Helianthus stoma in the respective 
proportions of *57 and *548 to 1, or slightly over one-half the capacity of 

^ Brown and Boeombe (1900). 
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the mesophyte. Moreover the ratio of Q :Q for Helianlhus is 1:1*23 but 
the same ratio in the case of Anthurium is only 1 : 1*19. That is to say, the 
stoma of Anthurium is not so effective for increase of diffusion by move- 
ment of the air, so that there is no evidence here of adaptation towards 
possible increase of transpiration. 

Further, if we take into account the relative numbers of stomata present 
on unit area of each leaf, the capacities are still more disproportionate. 
Helianlhus possesses 330 stomata per sq. mm. and AriiJiurium only 88. The 
diffusion capacities of leaves of the same area in the two species are therefore 
in the following proportions: 

Q' , HeliantJius 1. Anthurium •152, 

Q. Helianlhus 1. Anikuriu 

little more than oyie-tenth that of the mesophytic species. Tt still remains to 
find what relation the theoretical diffusion capacity of Anthurium bears to 
the actually observed transpiration values. 

The value of the constant in the above formulae may be determined from 
Brown and Escombe's data, and thus the actual diffusion capacity of the 
leaf be found. 

By comparison with Helianthus the constant is found to be •00()()0334, for 
a single stoma. 

Inserting this in either formula (3) or (1) we may find the theoretical 
maximum of transpiration for either still or moving air. For com})arison with 
the Anlhiiriutn transpiration readings, Q\ the capacity in still air, is the 
significant figure, for the transpiring plants in the experimeiit werv? sheltered 
by their position from almost all air-movement. 
r^ 

Q' = C 2 f)708r ^ ’00000334: x *725 *0213 gm. per sq. cm. per hour. 

The actually observed rate was, however, only *00032 gm. per sq. cm. per 
hour (p. 26), so that making all allowances for imperfect observation, the 
leaf of Anthurium has a theoretical capacity for transpiration over 50 times 
that which it normally exercises in its habitat. 

Ewart (1905) has justly criticised all methods of measuring transpiration 
which involve the use of detached portions of plants, but the lengthy period 
over which the transpiration measurements were running tended to eliminate 
the effect of irregularities, especially as the check of free-watcr evaporation 
at the same time showed a close correspondence in fluctuation. In spite of 
the recognized defects of such an experimental method I am inclined to regard 
the measures obtained^ as being, within a reasonable limit, the actual amounts 
of transpiration in this habitat under almost maximal climatic favourability, 
i.e. clear weather in the hot season. 

This great excess of capacity over actual requirements puts any regulatory 
^ Compare also the amount given off by a rooted plant of Pmjchotrla in a subaeq ucnt experiment. 
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function on the part of the stomata, short of absolute closure, out of proba- 
bility. At the same time it renders it easily comprehensible how slight falls 
of relative humidity such as that due to the heating elfect of a sun-fleck 
might lead to an enormous expansion in the water-loss. What plant could 
endure a sudden demand for an increase of even 500-1000 per cent, in its 
transpiration, supposing even that the ground water were unlimited? More- 
over the diffusion capacity of Anihuriurn is not by any means the greatest 
among the plants examined. In Solanum auriculatimi for example, the 
stomata are nearly twice as many (158 per sq. mm.) and only slightly smaller 
(32 micra, total length). With these facts in view the occurrence of protective 
devices in plants of the forest undergrowth is scarcely to be wondered at; 
for it follows that if the normal rates of transpiration are so low, the existence 
of a very high diffusion capacity must be a positive danger, unless (a) absorp- 
tion and (6) conduction capacities are developed to correspond. Now if 
absorption was normally kept at a high level, then during shady periods 
guttation should be evident. Haberlandt (1891) attributed great importance 
to hydathodes on the leaves of undergrowth plants in maintaining a flow of 
water in conditions of high humidity (secretion-current) when the transpira- 
tion-current was almost or quite suppressed. In the absence of more direct 
means of encouraging the supposedly necessary transpiration this “adapta- 
tion” seems rather irrelevant. Guttation may occur in a few plants, but 
I can state with certainty that I never once observed it in the Brazilian 
forests although it was looked for under suitable conditions, and it cannot 
therefore be a general, still less a universal, phenomenon, while on the other 
hand the need for mineral salts, which on the accepted theory implies an 
equivalent water current, undoubtedly is. As there is no evidence to show 
that absorption can be rapidly augmented or decreased by any plants it 
seems justifiable to regard it as being, in these plants, normally if not 
permanently low, in correspondence that is to say with the normal low rate 
of water-loss, not with the exceptional high one. 

A secondary factor controlling the supply of water to the leaves is (6) above, 
the degree of development of the conducting tissues, especially in the petiole. 
On this question Salisbury (191 3) has published some interesting observations, 
but it has not been nearly as fully investigated as its importance deserves^. 

For comparison, leaves of three typical sun and three shade plants were 
investigated. The method employed by Salisbury for estimating the area 
of xylem in the petiole is very laborious and the following modification of it 
was adopted. Salisbury’s method is extremely accurate, but this is much 
quicker and the inherent error in the method is overshadowed by the 
individual error of the leaves on any given shoot, which was shown by the 
above author to amount in some plants to as much as 22 per cent., even 

^ A correlation of the xylem in the petiole with the leaf area was first noticed by Guillard 
in Adansoniay 9 , p. 107. Except for Salisbury’s work this appears to be the only reference to it. 
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between leaves of comparable age. As this method enables the individual 
factor to be reduced by making possible the examination of a greater number 
of leaves any inherent lack of accuracy is practically negligible. 

Choosing leaves of as nearly the same stage of development as possible, 
i.e. the youngest full-sized leaves on the shoot, the area of xylern in the 
cross-section of the petiole (half-way between the extremities) was estimated 
by tracing the vessels, stained with phloroglucin, by means of a camera 
lucida, under a magnification of 480 diams. Assuming the cross-section of 
each element to be a true circle the area is then found by measurement of the 
tracing and calculation. Few of the vessels in the petioles examined departed 
very markedly from the circular form, and in these cases the diameter was 
taken as the mean of the long and short axes — or in the case of vessels of 
very aberrant outline the area may be separately estimated by approximation 
to the nearest regular geometric form. This is confessedly only an approxima- 
tion, but it is a very close one, and can be checked as regards probable error 
by the well-known method of comparative weights of paper areas. With the 
aid of a slide-rule the calculations can be done very rapidly. In any case 
the error only affects the absolute measurement, and does not invalidate 
the comparative figures which we are dealing with here. 

The following were the measures obtained: 


Shade Species, 



Area of Leaf 

A rea of X f/lcrn 

Jlatio 

Eugmia sp. 

18-3 sq. oms. 

‘OJ32 sq. mrn. 

13-0 

Mapoitria sp. 


•0024 

15-3 

Comhretam sp. 

o-4r> „ 

'0070 

12-5 



Average 

. 13-0 


Sun Species. 



A rea of Leaf 

.4 m/ of Xylem 

Ratio 

Plurfuirin sp. 

3-37 sq. tmis. 

•0207 Hq. mill. 

l-(i3 

A nacardinvi sp. 

7-43 „ 

•050 

l-2(> 

Luxcrnt) arg i a sp. 

1125 „ 

•0010 

5-0 



A verago 

. 2-03 

The ratios are taken as: 





Area of leaf 
Area of xylem x 100 

to bring them into correspondence with Salisbury’s figures for the sun and 
shade forms of Stachys sylvaiica. 

The higher the ratio, naturally the smaller the amount of xylem developed 
per unit area of leaf. It follows that per unit area of leaf the sun leaves possess 
over four times as much xylem as the shade leaves, a discrepancy quite out- 
side the limits of experimental error; which in any case was found by compara- 
tive weighing of the traced area, in the case which appeared to show the 
maximum number of irregularly shaped xylem elements, namely Plumeria, 
to be within 1*65 per cent. 
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The average area of the sun leaves was less than that of the others, and 
the petioles of all were short (-5 — 1 cm.) so that the development of extra 
hadrome purely for mechanical support does not complicate the results. 

The leaves of the sun-plants used were all of a decidedly coriaceous type, 
and it might be argued that the protection afforded by the mechanical 
adaptations of cuticle, etc., reduce the transpiration in such leaves to such 
a slight amount that it would be quite fallacious to consider the extra develop- 
ment of petiolar xylem as indicating a higher transpiration capacity. Bergen 
(1904) has, however, shown clearly that sclerophyllous “xerophytic” leaves 
transpire strongly, and the mature leaves more so than the young ones. The 
increased xylem may be justly regarded, on this basis, as implying an increased 
capacity for transpiration. 

The idea that there is a connection between the amount of xylem in the 
petiole and the transpiration from the leaf is obscured by the uncertainties 
of transpiration measures taken from isolated leaves, which hinder, when 
small differences are involved, a direct demonstration of relationship. 

In Salisbury’s attempted proof the leading assumption upon which he 
bases his argument is that the area of a leaf is proportional to its transpiring 
power, for he says: ‘‘If, however, such a definite relation does not exist the 
results here obtained are inexplicably constant.” 

This being the case, Salisbury’s final contention may be expressed as 
a formula: 

Area of leaf 
Area of xylem ’ 

where r is a constant, and t the transpiration, in the given plant. 

One of the species examined by him was Siachys sylvatica, sun and shade 
forms being compared. He gives a table, to summarize which shows that 
the average ratios of xylem to leaf area for the sun and shade forms arenn 
the proportion of 1 : -93, i.e., the shade leaf is only slightly worse off for xylem 
supply than the sun leaf. Accepting the accuracy of these figures it is only 
on the basis of the assumption spoken of above that Salisbury’s conclusion 
can be accepted, namely, that the equalization of xylem supply shows an 
equalization of the transpiring capacity of the shade leaf to that of the sun 
leaf. To do so, however, leads to this inconsistency: 

Let A ^ area of the leaf, and a area of the xylem. 

Then in the sun leaf : 



and in the shade leaf: 



A A' 


now if 


a 


then t = t' , 
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or the sun transpiration equals the shade transpiration, which is not the 
case. It appears, therefore, that there is no such constant as v. 

As it is impossible to estimate with sufficient accuracy the actual transpira- 
tion of a given individual leaf, we are prevented from making what would 
otherwise be a direct and conclusive comparison. The transpiration of mature 
leaves is so preponderatingly stomatal rather than cuticular, that an estimate 
of the capacity of the stomata for diffusion might however be taken as 
representing the transpiration capacity of the leaf as a whole. Such an estimate 
is easily possible by means of the formulae presented by Brown and Escombe, 
and although it does not represent the actual transpiration, any more than 
does the area, yet it is more certainly in proportion to it, inasmuch as the 
maximum transpiration of certain plants is already known (Brown and 
Escombe, 1900 a) to bear a definite relation to the total diffusion capacity 
of the stomata. Furthermore it is a constant quantity for each leaf, indepen- 
dent of experimental conditions, unlike the transpiration itself. 

In order to ascertain these relationships leaves of Syringa vulgaris and 
Auculxi jajxmica have been investigated at Heading. As these both have 
opposite leaves it is easy to check the individual variation by comparing a 
pair of leaves, which can be assumed to be of the same degree of maturity. 
Plants were chosen growing wholly in the shade and wholly in the sun, 
the photometric ratio between the two habitats being ascertained to be as 
1:55; and pairs of leaves were chosen, the youngest of full size on their 
respective shoots. 

Before the leaves were cut from the plants. pie(‘es of the lower epidermis 
were stripped off and immediately fixed in absolute alcohol to preserve the 
stomata] form for subsequent measurement. Lloyd (1908) has experimented 
very critically with this method and came to the conclusion that so long as 
adherent portions of the mesophyll were absent from the pieces of epidermis, 
the absolute alcohol dehydrated and thus rendered inelastic the stomatal 
guard-cells too quickly for any measurable change of form to take place. 
If the stomata are subsequently moistened with water contraction will occur, 
as the guard-cells have already been plasmolysed by the alcohol, but so long 
as the epidermis remains in an anhydrous medium the form of the guard-cells 
will remain unchanged. By means of this very convenient method it is 
possible therefore to compare the relative apertures of stomata under diverse 
conditions with ease. Only in cases wdiere there is marked abnormality in 
the form of either guard-cells or epidermal cells is a serious change of shape 
during dehydration to be apprehended, and neither of the plants employed 
are thus abnormal. 

The results are given in the table, Fig. 19. 

The most striking result is the disparity between the two sorts of leaves 
in Aucuha as compared with the close similarity in Syringa. This points to 
the inference that the biological difference between the sun and shade positions 
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is more accentuated in winter than in summer, so that the evergreen leaves 
are more influenced than the deciduous summer leaves. The sun leaf of 
Aucmba has a higher diffusion capacity than the shade leaf, but its xylem 
supply is proportionately still greater. If we figure to our minds the higher 
demand for evaporation made upon an insolated leaf under cold conditions 
with a decline in root absorption, it is not difficult to comprehend the causes 
which control this result. 

The xylem supply per unit area of leaf is less in the shade leaf in both 
cases, but it is most noteworthy that in both cases, while the diffusion capacity 
is somewhat less in the shade leaf the proportion of the area of xylem to it 
is very much less, so that if it be accepted that there is any direct connection 
between the development of petiolar xylem and the transpiration, then the 
shade leaves are worse provided for in this respect than the sun leaves; 
indicating a probability that the actual maximum transpiration is a smaller 




|9.L £ i To » d 

Xwlem 

APeasX 



'Aucaba 6 an. 


• 70 ^ <C5- ^€r hK 


19 


Shade. 

Z^'S •• 

■S3S 

•0344 •• 

Qg 

ise 

S^rm^a. Sun. 

25 ./ « 

hXS 

•122 - 



Shadt. 


‘534 

6 

9 

Z'A! 

/2 ‘3 


Fig. 19. Vasculatioii of sun and shade leaves comptircd. For explanation of figures see text. 


fraction of the theoretical maximum in the case of shade leaves than in the 
case of sun leaves even in a temperate climate — a probability which is borne 
out by the obvious relation of shade, to increased humidity, and is indeed 
adumbrated by the results of the Anthimum experiments. As the theoretical 
diffusion capacity is only vslightly decreased (1: -75) in the shade leaves, the 
actual transpiration of these leaves may be held to be capable of considerable 
theoretical expansion. The lower proportion between the xylems (averaging 
1:*47) precludes however advantage being taken of this possible expansion, 
a fact which is incompatible with the view of adaptive increase of transpiration 
in the shade form^. 

Lastly, there is in these cases no constant proportion between area and 
diffusion capacity. 

From the above considerations it appears that in the shade leaves of the 
forest both the power of root absorption and the development of conducting 

1 Assuming for the sake of illustration, on the basis of the Helianlhns observations, that the 
xylem of the sun leaf is just capable of transmitting water to one-sixth of the full diffusion 
eafiacity, the xylem of the shade leaf is only capable of transmitting approximately one-tenth. 
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tissues are decidedly sub-normal, and incommensurate with the relatively 
high diffusion capacity of the leaves. This being so the latter has the semblance 
of a possible danger to the plant rather than an adaptation to assist transpira- 
tion; emphasising the need for cuticular and occasionally stomatal protection, 
which as we have seen exists even among the undergrowth plants, and leaving 
them open to the risk of occasional desiccation. 

If then the existence of a high stomatal diffusion capacity in the shade 
leaves cannot be referred to increase of transpiration, and in view of the 
poor supply of water to the leaf tissues may even be an awkward matter 
under incidental circumstances, we are bound to the same view with regard 
to the dependant factor of increased intercellular space; and, in attempting 
to explain this curious condition of affairs, it is now necessary to consider 
it in the light of the second alternative which we set out to examine (see p. 38), 
its bearing upon assimilation. If the diffusion capacity is needlessly high 
from the point of view of transpiration, we are justified in asking why it is 
as high as it is. 

Assimilation is a primary function, about the paramount importance of 
which there is no dispute, and it is undeniable that the poor illumination of 
jungle undergrowth must seriously interfere with it. 

The amount of CO 2 in ordinary air being so small the amount of light 
effective in full sunshine is also small, the COg being the limiting factor. 
It follows, therefore, that illumination may be considerably reduced without 
in any way afl‘ecting photosynthesis, but that still further reduction of light 
beyond the limit exactly necessary for the assimilation of the normal amount 
of COjj results in curtailment of })hotosynthesis, even if the CO 2 is increased, 
the light being now the limiting factor. 

It is not intended to go into a full discussion here of the assimilatory 
relationships. This is reserved for Part 11, but the functions are too closely 
involved to be considered in a wholly separate fashion. 

The light in the shade of the jungle is about -007 of the full sunlight 
outside (compare the ratio 1 :*018 in the experiment on Syringa and Aiicuba 
in this country), that is the shade close to the ground, but not directly under 
foliage. In the densest shade, which is only inhabited by saprophytes, there 
is too little light to be measured by ordinary photometric means. The content 
of CO 2 in the air is higher than normal (see Part II) but this would have 
no effect upon photosynthesis under ordinary internal conditions of the leaf, 
the light being the limiting factor. 

Brown and Escombe have shown^, however, that under ordinary circum- 
stances the diffusion capacity of leaves is in excess of their power of assimila- 
tion, the factors which limit the latter function being the imperfect absorbing 
power of the mesophyll and the small amount of CO 2 in the air. This implies 
the presence of an excess of light. 

^ Brown aud Bseombe (1002). 
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In the present circumstances all these factors are precisely reversed. The 
illumination is often insufficient, while the supply of COg in the air is excessive, 
largely owing to the rapid decay of organic substances consequent on high 
temperatures. These are beyond the plants’ control — but what happens in 
regard to the factors within that control? 

The diffusion capacity should, we would conceive, be at least as high as 
in mesophytes, in order that under such difficult conditions a greater supply 
of COg might be rendered to the niesophyll. But the functions of diffusion 
and absorption are so interdependent, that without an increase of the latter 
the diffusion inwards of more COg would be without value. If we look within 
the leaf we find three features which can be interpreted as augmentative of 
absorption: the chlorophyll is more exposed to the incident light than in 
mesophytes, the mesophyll cell- walls are extremely thin, and lastly the afore- 
mentioi^^d factor of a relative increase in the amount of cell surface exposed 
to the air in the interspaces of the mesophyll. It might be considered that 
if the above is a correct view of the case there should be an absolute as well 
as a merely relative increase in the lacunae, but the obvious objection to 
this is the feeble light, which is incapable of penetrating more than five or 
six cell-layers, so that absolute increase in the bulk of the mesophyll, i.e. in 
the actual thickneJis of the shade leaves, w'ould be quite ineffective in 
augmenting assimilation. 

Assuming then for the time being that the absorptive capacity of the 
mesophyll cells is increased, we would expect the diffusion capacity of the 
stomata at least to have remained constant, if not to be increased. What we 
actually find is a reduction. Now looked at from the point of view of transpira- 
tion we found ourselves constrained to ask why the diffusive capacity was 
so high — while from this aspect it is its reduction that demands explanation. 
It appears to me that this can only be accounted for by the suggestion that 
we see in this the interaction of two opposed forces — assimilation and tran- 
spiration, and the endeavour on the part of the plant to effect an impossible 
compromise. The increase of the power of assimilation is, as I think everyone 
will admit, the primary need of plant life, but its unlimited development is 
everywhere checked by the counterbalancing effect of water-loss, which ^ven 
under these extreme conditions appears solely as a hindrance to assimilation, 
not as a necessary function encouraged in adversity by any structural adapta- 
tions on the part of the plant. 

Even if the transpiration check were altogether removed and indefinitely 
large quantities of COg diffused into the leaf it is very doubtful if the plant 
could make up by improved absorption for the light deficiency^, but no such 
opportunity is permitted it, and as a consequence it is certain that if under- 

^ Even though there be a supernormal amount of COg in the air of the forest this affords no 
explanation of a reduced diffusive capacify, as there must exist a theoretically unlimited demand 
for CO3. 
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growth plants depend upon ordinary photosynthesis for their supply of 
organic material, they must suffer from a grievous deficit. 

tJranting then that the need for increased assimilation is real and that 
the increase of interspaces in the leaf can be interpreted on these grounds, 
the interpretation may be reasonably accepted as genuine, since we have 
shown on other grounds that it is not explicable in terms of transpiration. 


(c) Transpiration and the Intake of Salts. 


1. Pof Bible Relations between Transpiration and Salt-Intake. So 

far the transpiration problem has been considered only on its own merits 
without reference to its significance in the plant's nutritive processes. Apart 
from hydration, an ancillary function of the transpiration current has always 
been held to be that of introducing an adequate supply of mineral salts in 
solution into the plant from the soil. 

This opinion does not, however, establish a causal connection with 
transpiration. The maintenance of a strong water current through the plant 
implies not only a low aerial humidity but also plentiful soil water, in the 
absence of which a dry atmosphere leads simply to xerophytic conservation 
of water. It is then perfectly conceivable that in the preseiice of abundant 
soil water which we have just postulated as essential to strong transpiration 
the increased dilution of the solutions aA^ailable to the plant may compensate 
for the amount absorbed, tending to limit the actual quantity of salts entering 
the tissues. Apart from this there is, however, the experimentaJly observed 
fact that plants growing in dilute solutions tend to absorb relatively more 
water than salts, so as to lead to a gradual concentration of the remaining 
liquid. Although much attention has been directed in the past to this question, 
yet in almost every research too much attention has been paid to the atmo- 
spheric conditions and too little to the soil and absorption factors, which are 
capable of invalidating the results obtained in a manner largely unrecognized. 

The most illuminating experiments which 1 know of are those of Hassel- 
bring (1914) carried out in Cuba. Plants of tobacco were grown in iron tanks 
in the same soil. They stood close together under exactly similar conditions 
in everything except that one tank and its contents were shaded from direct 
sun by cheese-cloth stretched upon a frame. Each day the tanks w ere w eighed 
and the quantity of water lost replaced in each. When the plants reached 
maturity they were compared in regard to dry w^eight, ash weight, and total 
amount of water absorbed, the results being as follows: 


In the open 


In the shade 


Dry weight 

Ash weight 

Water absorbed 

Water absorbed per gm. of ash 

Dry weight 

Ash weight 

Water absorbed 

Water absorbed per gm. of ash 


188-42 gins. 
18-25 gms. 
46344 CCS. 
2548 CCS. 
188-14 gms. 
21-08 gms. 
36187 CCS. 
1718 CCS. 
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The plants which transpired the most possessed the smallest ash-content, 
and conversely the plants with reduced transpiration obtained equivalent 
weights of ash for less water absorbed than did the plants in the sun. Not 
only was a large transpiration current no guarantee of a high ash absorption, 
but a lessened current did not necessarily imply inadequate mineral supply. 

Many persons have held the view that liquid diffusion is adequate to 
account for the migration of salts in plants, without reference to transpiration ; 
while Haberlandt has at different times laid stress upon the action of hyda- 
thodes and of intercellular osmosis as the controlling factors when transpira- 
tion is undeveloped, implying however that increased transpiration must 


Shade leaves, Ash weight and water of hygroscopioity per 1 gm. of dry weight. 



Fig. 20. Ash and hygroscopic water in shade leaves per gram of dry substance. 

Each area = l gm. From the base to the top of dotted portion = water. Black portion =Ash^ 
Costus. Simple, long-lanceolate. Echites, Simple, cordate, velvety. 

Calath^ea. Simple, lanceolate, coriaceous. Dieffenhachia. Simple, lanceolate, coriaceous. 
Meloittoma. Simple, ovate, hairy, A»terocaryum, Multipinnate, coriaceous. 

assist the process, a belief that does not seem to be borne out by Hasselbring’s 
experiments. The latter’s results seem to show that the plant exercises 
powers in root- absorption which may quite override the diminished effect of 
transpiration and may perhaps be called into play by the depression of the 
latter process, or reversed by its augmentation in view of the small amount 
of mineral matter actually demanded and the inconvenience that might 
attend its accumulation internally. 

A close investigation of the relation between transpiration and salt 
absorption throughout the periods of a plant’s life-history would be valuable 
and interesting, as affording light on the theory of their correlation. 

2. Comparison of Ash*Contents. I have not been able to undertake 
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any investigation of the absorption relationships in jungle undergrowth, but 
I have examined the ash weights of certain leaves from sun and shade positions. 
The results are shown in Figs. 20 and 21. Each of the large areas represents 
1 gram of dry material and the blackened portion the corresponding amount 
of ash. 

Sun leaves. Ash weight and water of hygroscopicity. 



Fio. 21. Ash and hygroscopic water in sun leaves. As in Fig. 20. 

Myrtm. Simple, coriaceous, small. Plumeria, Simple, lanceolate, coriaceous. 

Byrsonbna. Simple, lanceolate, coriaceous. Machaerium. Pinnate, ovate, hairy. 

The proportion of ash in the dry weight is greater, it will be seen, in the 
shade leaves than in the sun leaves. This does not, nevertheless, imply a 
higher total content, since there is no doubt that the proportion of dry weight 
to total wet weight is smaller in the case of the shade leaves^. 

Thus although it is possible that the ash weight may be even lower in 

' Tho dry weight of the shade plants in Hassel bring’ s experiment was only minutely less than 
that of tho sun plants. 

The following figures, illustrating these relations in the case of two plants of a temperate 
habitat, were obtained by examination of the same plants of Syringn and Anmha which were 

A ucuba Sun Shade 

Wet weight 100 100 

Dry V 31*5 -100 26-5-100 

Ash „ 1-43 =4-55 1-05 = 3-96 

Comparing the sun and shade plants of Syringa, the drop in dry weight is greater than the 
drop in ash weight, bearing out the contention in the text; but in Aucuba this is reversed, the 
proportional drop in ash weight being greater than that in dry weight. 

The difference in ash-proportion in this case (3-95 — 4-55) is not so groat however as it is in 
the reverse direction in Syritiga (9-4 — 6-5). 


employed for a previous investigation: 

Syringa Sun Shade 

Wet weight 100 100 

Dry 

Ash „ 


36-6 = 100 
2-3 =6-6 


23-4 = 100 
2-2 =9-4 


4—2 




52 Studies in the Ecology of Tropical Rain-Forest 

relation to the fresh weight in the case of the shade leaves, yet the fact remains 
that it is high in proportion to the dry material, which alone represents the 
assimilatory activity of the plant, so that there is no evidence to show that 
the plants concerned suffer from mineral starvation. Indeed from this point 
of view the shade plant appears to be better off than the heliophyte*. 

Still, with a lowered dry weight the sciophyte may be compared to a 
dilute solution — all solid portions being more tenuous and more fully per- 
meated by imbibed water. That this condition may in part facilitate the 
diffusion of mineral salts through the tissues is very probable ; though whether 
this alone is sufficient or whether there are other causes contributory, to be 
looked for in roots or soil, one cannot at present state. 

3. Hygroscopic Condensation in Leaves. Shreve (1911) has shown 
that the Hymenophyllaceae of the Jamaican forests when surface dry and 
subjected to a very moist atmospheric environment, are capable of absorbing 
water hygroscopically, much in the same way as do lichens and mosses. In 
the case of these latter plants the water thus imbibed by the cell-walls is 
probably transmitted to the protoplasm and augments what may else be a 
scanty supply. 

I have tried to ascertain whether an analogous power is possessed by the 
phanerogams of forest undergrowth. (See Figs. 20 and 21.) 

The material, dried at 100® C., when placed in a moist chamber certainly 
absorbed a considerable amount of water, but this amount bore no positive 
relation either to the amount of the dry matter itself, or to the ash-content, 
or even to the sun or shade habitat, but seemed capricious. Most probably 
it depended on the physical structure of the dry matter rather than its mass, 
a relationship eluding direct observation. It does not seem, at any rate, to 
have an ecological significance for the shade plants, although it is slightly 
more prominent in the heliophytes, which would be considered a friori 
more in need of any aid to maintaining moisture in their leaves. 

The experiments of Ganong (1894) and others controvert the possibility 
of water in significant quantities being absorbed through the leaves. This 
is true in so far that water absorbed hygroscopically cannot take the place 
of water absorbed through the roots, but water absorbed hygroscopically 
may, under xerophytic conditions, augment the total water supply. 

One specific instance of the utility of hygroscopic water occurs in Cecropia. 
The fat-bodies produced from cushions at the base of each petiole develop 
only in moist air, and not in dry, even though the stem be plentifully supplied 
with water. This is attributable to the hygroscopic action of the cuticularized 
hairs wffiich cover the pulvinar cushions with a dense, velvety indumentum, 
through which appear the delicate fat-bodies upon which the ants feed. 

1 A rather curious phenomenon, which it is difficult to account for, was observed in these ash 
estimations. The soil on which the sciophytes were growing is derived from underlying bright- 
red ferrugineous Interite. The ash ol four out of six species was of the same brick-red colour. 
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Detailed Summary of Part I. Humidity. 

Section A. Atmospheric Humidity. 

1. Under the peculiar climatic conditions prevailing within the under- 
growth of tropical rain-forest, practically isolated from the influence of 
external changes, there is in general very slight transpiration and a corre- 
spondingly low rate of aqueous evaporation. 

2. The leaves of plants growing in such conditions possess a maximum 
diffusion capacity which bears a very much higher ratio to the actual rate 
of transpiration, as measured under conditions favourable to it, than in the 
case of mesophytes. The possible increase of the diffusion capacity by wind 
is (in one case at least) less than in the mesophytic Helianthus. 

3. Both absorption and conduction capacities are developed only on the 
low scale. 

4. The leaves show no adaptation calculated to aid in extending their 
transpiration towards the limit of capacity. On the other hand they are 
commonly protected by cuticle and other meaUvS against excessive water-loss^ 

5. The leaves of undergrowth plants are subjected to frequent short 
periods of insolation by “sun-flecks."’ These lower the humidity markedly 
where they fall. In conjunction with this must be taken the facts that such 
rays have a greater intensity and a correspondingly greater power of evapora- 
tion than in temperate climates, while the chlorophyll in the leaves of shade 
plants is more exposed to their influence than in habitual heliophytes. 

(). The above reasons show how the foliar evaporation may for short 
periods rise above the low capacity of the plants to supply water. Hence 
arise the protective devices shown even in this very moist habitat. 

7. Shade leaves have a greater internal surface relative to their mass than 
sun leaves. This does not appear to be a transpirational adaptation, but as 
the illumination is very slight, it may be better interpreted as a means of 
increasing the CO., absorption capacity, the percentage of carbon dioxide in 
the forest air being supernormal. 

8. It has been found that the average of intercellular space in leaves 
examined in Brazil corresponds closely to that found in Europe. This may 
be associated with the constancy of leaf function over the whole world and 
the corresponding constancy of atmospheric constitution. 

9. Lack of capacity to increase the transpiration current under the 
stimulus of sun-flecks, wind, etc., leading to the necessity of protective devices, 
seems to point to edaphic factors antagonistic to absorption. 

10. Under such conditions of depressed transpiration a shortage of 

^ Wiosner’s statement (1893), that under similar conditions shade leaves transpire more than 
sun leaves is no evidence that there exist devices for encouraging transpiration in shade leaves 
such that under normal differentiated conditions they would transpire in the same proportion. 
Hasselbring’s experiment indeed shows that this is not so. 
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mineral matter might be anticipated. Examination of ash shows, however, 
a higher content, relative to the total weight of assimilates, than in heliophytes. 

11. This is taken to indicate that the absorption of mineral salts is 
independent at least of foliar evaporation, the almost complete suppression 
of which is thus seen to be of only secondary importance to the plant. 

12. Whether the suppression of foliar evaporation signifies the suppression 
of a water current in the axis does not appear. It is not impossible that a 
slow current is maintained by root-pressure, enough to satisfy the demands 
of elastic growth and of CO 2 assimilation, which between them utilize the 
major portion of the water supply, some part of which also returns through 
the phloem or may eventually be excreted in the fluid state. 

In such circumstances the measurement of water-loss would give no 
indication of the absorbing capacity of the plant, of which it would be quite 
independent. 



ON THE ECOLOGY OF THE VEGETATION 
OF BRECKLAND 

By E. PICKWORTH FARROW. 

VII. GENERAL EFFECTS OF BLOWING SAND 
UPON THE VEGETATION. 

{With Plate //.) 

When the effects of small sand blasts upon the vegetation were discovered^ 
observation was kept for any other effects which blowing sand might have 
upon the vegetation. 

The blowing of sand seems to be a general phenomenon in many parts 
of Breckland. It has already been mentioned that when once a sand blasted 
area is started it tends to spread. Apparently the })ombardment of the sand 
grains which are already moving tends to start other previously stationary 
sand grains moving and these in their turn tend to start still others, and so 
on, until a large sand blasted area may be produced. 

In the case of these large sand blasted areas there is frequently a cliff 
of sand at the edge of the denuded sand blasted area furthest from and facing 
the prevailing wind and sand blast. (See Photos 1 and 2, Plate II.) 
Beyond the edge of the cliff the higher surface is occupied by vegetation, 
and the soil consists of tougher strata bound together by plant remains and 
not yet disintegrated by the sand blast. 

Apparently the wind and sand blast on the surface tend to cut away 
the upper strata of the sand more and more as the length of sand blasted 
area exposed to the prevailing wind increases. This sand is transported 
beyond the furthest edge of the sand blasted area, and piled up in this position 
in the form of a new cliff or dune the face of which in its turn gradually 
becomes disintegrated by the continued sand blast. The sand blasted area 
thus gradually increases in length in the direction of the prevailing winds as 
the face of the cliff is progressively disintegrated. 

The accumulated moving sand grains from the increasing depth of sand 
blasted surface in front of the cliff strike against the face of the cliff and 
gradually cut it away. (See Photos 1 and 2.) 

The height of the cliff above the adjoining sand blasted surface gradually 
tends to increase both by the increasing removal of the surface strata of the 
adjoining surface by the sand blast and by the deposition of sand carried 

^ See this Journal, Part VI, 6, pp. 144 — 162 
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by the wind and sand blast on to the upper surface of the bordering cliff/ 
Later on the sand cliff becomes sufficiently high to check the sand from being 
carried by the wind and sand blast up its face and deposited on the upper 
surface beyond, and after this the face of the sand cliff often does not increase 
greatly in height above the surface of the adjoining area. The wind transported 
sand then accumulates at the base of the cliff instead of being carried up 
to and deposited on the upper surface beyond. Often however this loose 
transported sand which would otherwise tend to accumulate at the base of 
tall sand cliffs is removed from this position by winds different in direction 
from the prevailing winds but not in themselves sufficiently powerful to 
remove new sand or originate strong sand blasts and new sand cliffs. Some of 
this loose sand is subsequently again dashed against the face of the cliff by 
the prevailing winds and some of it is carried to the upper surface. 

Thus in the case of long sand cliffs when the wind strikes them at an angle, 
and in the case of isolated portions of sand cliffs when sand can escape round 
their edges, transported sand does not accumulate extensively at their bases 
and especially in these cases the faces of the sand cliffs often eventually 
come to project a considerable height above the adjoining surface of the 
neighbouring sand blasted areas owing to the greater and greater removal of 
the surface strata by the sand blasts, and owing to the deposition of some 
of the wind borne sand on their upper surfaces. (See Photo 2.) 

A gradual upward sloping tendency of the ground in relation to the 
prevailing wind probably assists in the formation of sand cliffs. This view 
is supported by the fact that when the retreating face of a formerly fairly 
tall sand cliff reaches the down ward sloping edge of a slight valley and retreats 
down the sloping valley side the cliff often gradually becomes obliterated. 

Especially in the cases of fairly tall cliffs, their faces generally become 
undercut by the sand blast. This, no doubt, is largely owdng to the roots of 
the vegetation which occupies the upper surface of the cliff tending to hold 
together for a time the associated sand grains lying immediately below the 
upper surface while the lower portions of the cliff, relatively free from roots, 
and also subjected to a far more powerful sand blast owing to being nearer 
to the sand blasted surface, are more readily cut away by the sand blast. 
This undercutting of the faces of sand cliffs by the sand blast is well seen 
in Photo 1. The undercutting is often assisted by the presence of rabbit 
burrows running beneath the surface. 

As a result of the undercutting of the faces of the cliffs the upper portions 
of the cliffs which hold together for a time often come to overhang the basal 
portions veYj markedly. (See Photo 1.) 

Eventually however, when the undercutting has proceeded sufficiently, 
the overhanging upper portions break away and fall to the bases of the cliffs 
where they are ultimately disintegrated by the sand blast. Such debris of 
Calluna plants, etc., fallen to the bases of the sand cliffs and being gradually 
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Photo I. UNDlLKCrr lACK OF A SANJ) I5FA.S1'EI) lik KCKLAN D SAN 1 ) (IJ FF ON TtlF FUKi'HFSl' 
KDCK oi' A SAND lii.ASTF.i) AREA FACING THE PKEVAILINM; WINDS. Notc the unclerciitti caused 
by the sand blast across the lower surface. When this underciittin;4 has ))ro(:eeded suffudently 
portions break away and fall to the lower surface where the debris are ultimately disintej^rated 
by the sand blast. Note fra^nients of Callnua etc. produced in this way on the lower surface. 
Note sand on the upper surface carried there 1 )y the sand blast. Many ])lants can rise through 
this deposited sand, thus ieoccuj)ying the new surfa('(‘ as indicated b\' the dark streaks in the 
Photo (see p. 62). For the l.>earing of this on Richthofen’s theory of the oi igin of Loess sea* \). 63. 
Note the remains of the original layer of vegetation submerged by the deposited sand and now 
exposed on tlie disintt^grating face of tlu.* cliffabout six inches below the present surface: also tlie 
blow-outs in the face of the cliff on the extreme left. 





Photo 2. LaKGIC RAUIUT-GKAZEI) CaLLUNA HUMMOCK llENDING OVER THIO RETREAIING 
FACE OF A SAND RI.ASTED SAND CLIFF AS THE LATTER GRADUALLY HECOMES DISIN I’EC.RATED. 

Note the fissures produced in the surface of the hummock as it bends over the disintegrating and 
retreating face of the cliff (see p. 57). Eventually the Inimmock will fall upside down on the 
sand blasted lower surface and will ])ccoine disintegrated (sec p. 57). Note that the lower 
portions of this cliff project further and resist disintegration better than the upper portions. This 
is because the lower portions represent the original surface strata long occupied by vegetation 
and cemented together by humous products, whilst the upper portions represent wind blown sand 
comparatively recently deposited which is looser and more readily torn away by the sand ]>last. 

farrow — On the Ecology of the Vegetation of Bkeckland (pp. 55 — 64). 
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disintegrated by the sand blast, can be seen under the overhanging edges of 
the cliffs in Photo 1. 

Partly undercut Calluna plants on the upper overhanging edges of dis- 
integrating undercut cliffs often hang suspended by their roots after some 
of the upper overhanging portions of the cliff have broken away. Some- 
times these suspended Calluna plants live for a time in this position, but their 
suspending roots are eventually released by the continued disintegration of 
the faces of the cliffs and the suspended plants eventually fall upside down 
on the sand blasted surface and the debris is ultimately disintegrated. In 
some instances a number of dead Calluna plants upside down and partly 
buried in sand with their roots projecting in the air can be seen on the sand 
blasted low^er surface at a distance of several feet from the present face of 
a disintegrating sand cliff. In these instances no doubt these dead Calluna 
plants hung upside dowm suspended by their roots on the face of the cliff 
until these suspending roots w^ere released by the continued disintegration 
of the cliff and the dead Calluna plants w^ere deposited on the sand blasted 
surface in their existing positions before the face of the cliff retreated several 
feet to its present position. 

Sometimes large rabbit-eaten Calluna hummocks on the edges of dis- 
integrating sand cliffs bend over the edges of the cliffs as the latter become 
disintegrated, the formerly closely aggregated branches of the hummocks 
separating and showing fissures on the surface as the hummock bends over 
the edge of the retreating face of the cliff, as can be well seen in Photo 2. 
No doubt the remains of the large rabbit grazed and rounded Calluna hummock 
seen in this photo will eventually fall upside down on to the lower surface 
and the debris will ultimately be disintegrated by the wind and sand blast. 
As mentioned above fragments of the roots and stems of disintegrated Calluna 
plants can be well seen on the low^er surface of the cliff showm in Photo 1. 

In some cases CaUumi plants on overhanging edges of the undercut 
cliffs die a long while before these undercut portions break away and fall 
to the bases of the cliffs, although all the other Calluna plants on the upper 
portion of the cliff are alive. Probably the porous soil and relatively dry 
climate of Breckland are in themselves not particularly favourable to Calluna, 
a plant of oceanic climates, and it appears very probable that the death of 
Calluna plants on the overhanging edges may very likely largely be due to 
exposure of many of the roots and reduction of the already small available 
water supply by the undercutting. 

In some cases the main roots of Calluna plants on greatly undercut upper 
portions of cliffs reach down from these undercut upper portions and remain 
fixed in the surface strata below although the sand which formerly surrounded 
a great part of their length has been torn away by the sand blast. In these 
cases the Calluna plants on the overhanging edges often remain alive although 
they may be greatly undercut by the sand blast, and no doubt this is owing 
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to the fact that, although they are so greatly undercut, they can continue 
to obtain a sufficient water supply through the roots, which, although partially 
exposed, remain fixed in the substratum. 

It is interesting to note that Calluna stems on the immediate edges 
of greatly overhanging cliffs and now relatively inaccessible to rabbits 
are frequently comparatively tall and flower vigorously, while the stems of 
all the other Calluna plants in the vicinity, which are comparatively easily 
accessible to the rabbits, are nibbled closely down by them and are entirely 
prevented from flowering. 

It has already been mentioned that the sand cliffs on the furthest edges 
of sand blasted areas tend to increase in height above the adjoining sand 
blasted surfaces both by removal of the original upper strata of these surfaces 
by the sand blast and by the deposition of some of the removed sand on 
the upper surfaces beyond. Such wind blown sand comparatively recently 
deposited upon the original surfaces beyond the edge of the cliff can be well 
seen on the exposed faces of the sand cliffs shown in Photos 1 and 2. In most 
cases these old surfaces were long occupied by vegetation {Calluna, etc.) and 
the strata just beneath them exposed on the faces of cliffs are usually much 
darker in colour than the strata of the comparatively recently deposited sand 
above them owing to being stained dark by the humus products of the 
original vegetation which existed for a coniparatively long time upon them. 
(See Photo 2.) 

In consequence of this longer occupation of the original surface by vegeta- 
tion the sand grains of the exposed strata lying just beneath the original 
surface are partly cemented together by the resulting humus products and 
thus these strata are considerably tougher than the strata of the comparatively 
recently deposited sand above them. As a result of this greater toughncwss 
of the strata lying just beneath the old surface, these strata when exposed 
on the faces of disintegrating cliffs often resist the disintegrating effect of 
the sand blast better than the more recently deposited upper strata of sand 
although they are nearer to the adjoining sand blasted surface. In con- 
sequence of this the lower strata (often themselves with undercut edges) 
frequently come to project further on the faces of sand cliffs than the more dis- 
integrated upper strata of comparatively loose recently deposited sand, as 
can be well seen in Photo 2. Thus the cliff may come to consist of two 
stages or tiers, each separately undercut. 

Sometimes a particular upper surface of the comparatively recently 
deposited sand remains stable and uncovered by additional wind blown 
sand for a time, and wffien this happens — if the upper surface remains uncovered 
by additional sand for a sufficient period — it frequently becomes colonised 
by Calluna. Later on this Calluna which had colonised the relatively stable 
upper surface often becomes covered by subsequent wind blown sand, and 
ultimately the remains of it appear on the disintegrating face of the cliff 
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as a thin stratum of decaying Calluna stems, etc., embedded in the sand 
at some distance below the subsequent upper surface, as can be well seen in 
Photo 1. 

Much of the sand which has accumulated at the edge of the sand blasted 
area is often carried up through “ blow-outs *' in the faces of the cliffs and 
deposited on the upper area. Blow-outs in the face of a cliff can be seen on 
the extreme left-hand side of Photo 1. The face of the cliff seen in this photo- 
graph is gradually retreating across the downw'ard sloping side of a slight 
valley and, largely in consequence of this downward slope of the surface, the 
cliff itself is gradually becoming obliterated. 

In some instances the sand blast has already cut away nearly all of the 
former cliff in certain positions, except where portions remain as hillocks 
on the leeward side of masses of vegetation (principally Calluna hummocks) 
which have protected them from the sand blast. This effect of Calluna 
hummocks, etc., on the faces of disintegrating sand cliffs in protecting the 
portions of the cliffs lying just behind them from the disintegrating effects 
of the sand blasts reminds one of the actimi of Suaeda fruticosa bushes 
on mobile shingle banks in protecting the areas of shingle lying just behind 
them from the deposition of shingle in the rolling over of the surface of the 
bank during on-shore galesh It is interesting to note that behind l^uaeda 
bushes gnllys are left whilst behind Calluna hummocks exposed to sand 
blasts hillocks are left. The sign of the effect of the protective action on the 
contours is reversed in the two cases. Much sand is usually carried along 
the blow-outs which exist between the ])rotected remains, and becomes 
deposited on the vegetation beyond. Some areas of the sand blasted and 
deposited sand usually become colonised by Polyfriclunh pdiferunt excej)t 
just beyond the blow-outs themselves w^here the surface is far too mobile 
for any sort of colonisation to occur. 

Various phenomena strongly confirm the view that the faces of the 
relatively tall sand cliffs are homologous with the much more dw^arf but 
frequently undercut faces of the much smaller sand cupolas and hum- 
mocks previously describ^Mf-: the undercut faces of small vegetated cupolas 
and the faces of much taller vegetated vsand cliffs are produced by 
the sand blast in the same manner, the one kind of projecting cliff face 
being a much larger variety of the other. The tendency tow^ards the pro- 
duction of blow-outs through which the sand can escape in the case of 
long tall cliffs and the frequently resulting production of isolated portions 
of cliffs is probably the same tendency which results in the production of 
the small isolated cupolas around w^hich the wind borne sand can escape, 
for the edges of a small cupola in the directions of varying winds may be 

^ Oliver, r. W. and Salisbury, E. jr., “Vegetation and Mobile Ground as illustrated by 
Suaeda fruticosa on Shingle.” This Journal, 1 , 1913, pp. 261-264. 

See this Journal, 6 , 1918, pp. 144-152; notably Photos 2, 4 and 5, Plates III. IV and V. 
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regarded as the edges of an almost infinitely wide blow-out in the face of a 
dwarf cliff. 

The sand carried up the face of the cliff is deposited amongst the vegetation 
on the higher ground beyond and any Calhina hummocks on this upper 
surface are often almost, and sometimes completely, filled with this wind blown 
sand. (Notice the sand in the Calhina hummocks on the upper portions of 
the cliff in Photo 1 .) 

Iti the case of rabbit grazed CaUnna hummocks this wind blown sand is 
first deposited on the windward side of the hummocks (see Photo 1). This 
is interesting, for in the case of developing sand dunes the sand is chiefly 
deposited on the leeward side where the wind velocity is lowest. The difference 
probably arises because the CaUnna plant has much denser vegetation than 
that of a developing sand dune, so that this denser vegetation can sufficiently 
reduce the wind velocity even on the windward side for the sand to be 
deposited there and remain at rest. The rabbit grazed and rounded CaUnna 
hummock in Photo 2 which is bending over the edge of the cliff as the 
latter gradually becomes disintegrated contains much wind blown sand. 

Sometimes owing to the distribution of a sand blast tending to increase 
when once it has started great masses of sand are eventually cut away and 
extensive areas are bared. The general lack of vegetation on the surfaces 
in these cases is due to the surface sand blast and the mobility of the surface 
and is not due to excessive dryness, for these bare surfaces of sand are at a 
lower level and nearer to the underlying chalk than were the formerly stable 
upper surfaces which have been cut away and which were occupied by 
vegetation until the denuding sand blast cut them away, in the case of these 
large sand blasted bare areas the sand blasts sometimes become dormant for 
a time, and when this happens these formerly sand blasted bare areas gradually 
become recolonised. PolyiricJmtn pilifenini is the pioneer coloniser in these 
cases and is normally followed by Cetraria acnleata, Cladonia corcifera, and 
Ceraladon jrnrpnreus. 

It was thought that it would be interesting to have further information 
about the colonisation of bare sand and in order to obtain this the sand of 
a metre quadrat of grass heath was dug out to a depth of half-a-metre and 
removed and the space was filled with sterile sand carted from below a bare 
area. This quadrat for studying the colonisation of bare sand is inside the 
large rabbit-proof quadrat^ and is protected by boards at its sides to prevent 
the loose sand from being blown away (middle quadrat in Photo 1, Part IV). 

The bare sand in this experimental quadrat became colonised very rapidly 
by Rumex acetoseMa seedlings and a few months after it had been constructed 
there were very many of these on the quadrat. There were also some Senecio 
oulgaris seedlings and some wind blown Clado7iia spp. on the sheltered edges 
near the boards. Several Taraxacnm erythrospermum seeds were also found 
Seo this Journal, 5 , 19] 7, Plato XVII, Photo 1 in Part IV. 
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<:»n this quadrat in the autumn after it had been constructed. In the spring 
there were many Teesdalia nudicaulis plants and the Taraxactun erylhro- 
spermuni seeds germinated and produced seedlings. Many (hilium mxatile 
seedlings also appeared and being here protected from rabbits later on 
flowered profusely. One solitary CytisiLs scoparivs seedling appeared. Possibly 
the seed of the last named may have been carried and deposited by a bird. 

It will thus be seen that the bare sand of this experijiienta] (luadrat is 
becoming colonised very rapidly. Most of the plants which are coloiiising 
this experimental quadrat are much taller than the dwarf mosses and lichens 
which are colonising the larger exposed formerly sand blasted bare areas 
already referred to. Probably the greater height of the plants on the experi- 
mental colonisation quadrat is chiefly owing to their being protected from 
attack by rabbits, but no doubt the relative absence of sand blasts may also 
have something to do with the matter. The bare sand of this experimental 
quadrat which is protected from rabbits is also becoming colonised much 
more rapidly than the exposed bare sandy areas. No doubt this is chiefly 
owung both to the absence of direct attack by the rabbitvS on the colonising 
plants and to the proximity of established plants protected from rabbit- 
attack inside the rabbit-proof enclosure which produce many more inflor- 
escences and flowers than if they were exposed to rabbit-attack and can thus 
supply seed to the colonising area more quickly. Photographic records arc 
being made to determine the relative rates of colonisation. 

It has already been stated (see pp. 55 and 56) that when the sand blast has 
cut a cliff in the sand at the furthest edge of a sand blasted area, sand is usually 
lifted by the sand blast up and over the edge of this cliff and deposited u]>on 
the higher surface beyond. Sometimes fairly thick layers of sand are deposited 
in this w^ay upon the upper surfaces, but sometimes the lifted sand is deposited 
as a thin mantle of sand over the vegetation on the upper surfaces. Fiequently 
the vegetation of considerable areas is covered by a deposited mantle of 
sand in this way sometimes for a distance of several hundred yards behind 
the edge of the cliff. Idiese areas appear almost bare of vegetation for a 
time owing to the superficial deposit of wind blown sand. 

In all of these cases however it was noticed that the areas on which the 
vegetation had been completely covered (juickly became again occupied 
by vegetation -so quickly indeed that it seemed impossible to account 
for the reoccupation of these areas on any hypothesis of simple re- 
colonisation. 

In order to see more exactly what happened and in order to have definite 
information about the date of the deposition of the sand, a metre quadrat 
of grass-heath inside the large rabbit-proof enclosure was boarded off to 
prevent the sand from being blown away and sterile sand was then carefully 
sifted in and on the vegetation of this boarded metre (luadrat to a depth 
of 5 cms. above the previous surface. (licft-hand quadrat in fMioto 1 of 
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Part IV ^.) The average height of the vegetation on this quadrat was about 
2 cms. and its maximum height at that time was about 3 crns., so that 
all the grass-heath vegetation on this quadrat was completely covered by 
the 5 cm. deposit of sand and was mostly covered to a depth of 3 cms. In 
spite of this, the sterile sand covering the previous vegetation quickly became 
occupied by vegetation and at the end of two months the vegetation on the 
quadrat was quite as luxuriant as the vegetation on the untouched quadrat 
and many inflorescences had appeared. On examination it was found that 
the rapid recolonisation of the new sandy surface was owing to the vegetation 
which had been submerged by the deposit of sand rapidly sending up fresh 
shoots to the new surface and thus covering it again. 

Many plants in Breckland have been found to possess this power of sending 
up shoots through a superficial dej)osit of sand and thus reaching the fresh 
surface. Agrostis vulgaris, Festuca ovina, Festuca rubra, Galium venini, Ramex 
acetoseUa, Thymus serpyllum and Lotus corniculatus, along with many others, 
were found to behave in this way. 

The details of the process vary somewhat in the case of different plants. 
In the case of Agrostis vulgaris the main stem usually elongates, quickly 
grows up through the deposited sand and produces a fresh set of leaves at 
the new surface; but sometimes lateral stems also grow up, and adventitious 
roots are soon produced by the new stems. In the case of Festuca ovina 
several lateral stems usually rise through the sand deposit and produce fresh 
leaves at the new surface. These rising lateral stems often produce small 
etiolated leaves inside the deposited stratum and later on they also produce 
adventitious roots inside this stratum. Lotus corniculatus usually sends up 
a number of thin etiolated lateral shoots from the buried crown, and 
when these rising shoots reach the top they each produce fresh groups of 
leaves at the new surface and eventually adventitious roots are produced 
inside the sand. In the case of Lotus cornic/ulatus these rising lateral shoots 
also produce etiolated leaves and etiolated secondary lateral shoots inside 
the sand stratum before reaching the surface. 

It thus appears that many plants — by means of sending up fresh shoots 
to reach the new surface — possess the power of contending with such an 
apparently unfavourable environmental influence as being covered over with 
sand. Amnwphila arenaria and other sand grasses have long been known 
to have very extensive powers of this kind, but it is becoming apparent 
that very many other plants have similar powers. Suaeda fruticosa also can 
contend with rising shingle and can rise through it by the production and 
growth of lateral shoots^. This method of contending with rising shingle 
is very similar to the general method by which all these other plants 

1 This Journal, 5 , 1917, Plate XVII. 

^ Oliver, F. W. and Salisbury, B. J., “Vegetation and Mobile Ground as Illustrated by 
Suaeda fruticosa on Shingle.” This Journal, 1 , 1913, p. 259. 
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can contend with rising sand, and the general process is one of considerable 
interest. 

This phenomenon may be rather important in connection with Richthofen’s 
theory of the mode of origin of the loess^, for this theory requires the siibaerial 
deposition and stabilisation of ultimately considerable thicknesses of material. 
Since so many plants can rise up through subaerially deposited material, 
vegetation may well have greatly assisted in the subaerial deposition and 
stabilisation of ultimately great thicknesses. Probably the structures 
which Richthofen observed in the loess and termed ‘"roots” were really 
continuous stems which had continually risen up through the successive 
strata of subaerially deposited material as it was deposited. Prof. Marr 
informed the writer that it did not seem that tlie long continuous structures 
which pass through considerable thicknesses in tlie loess could possibly 
have been formed by ‘"roots” and this was one of the difficulties in 
Richthofen’s theory of the mode of origin of the loess. If however these 
structures instead of being “roots” which had penetrated down were formed 
by continuous stems which had continually risen up through successive strata 
of subaerially deposited material, this difficulty in Richthofen's theory of the 
mode of origin of the loess would be explaiiied. 

In this connection much of the sand of Breckland — in any case for con- 
siderable distances behind certain wsand cliffs — is a soi t of subaerially deposited 
loess. Digging on many of these areas reveals stratified sections of the 
successively deposited sand layers frequently each about 1 cm. tliick and 
long remains of the shoots with adventitious roots of various plants which 
have continually risen up through the successively deposited sand layers. 

The vegetation of the quadrat upon which sand was deposited became 
(juite as luxuriant and even closer than that of the untouched turf. The 
deposited sand probably had some bad effects on tlie vegetation but it seems 
to have had some good effects wdiich have quite compensated for any bad 
effects. In this res{)ect, these grass heath plants resemble many other plants 
such as fSdaeda fniticosa and Ammophila arenaruf at Rlakeney, for these 
plants are often stimulated when shingle or sand is deposited around them. 
The effect is in some respects contrary to what might have been expected. 
It is not known definitely how this unexpected result is brought about, but 
perhaps it may be partly due to the older parts which have become buried 
deeper decaying and becoming available as manure for the new upper 
tissues which have been produced. It has apparently been found generally 
economical in nature for old tissues to die and to be replaced by new and 
vigorous tissue and it may perhaps be possible that the increased luxuriance 
which is often apparent in these cases may be partly due to a modification 
or speeding up of the life-death-life cycle. 

There are doubtless many other instances in which plants contend with 

^ Blchtbofan, r., “On the Mode of Origin of the Loess.“ Geological Magazine, 1882. 
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unfavourable environmental influences by producing new vertical shoots to 
rise to the new surface. The writer observed some good instances of this at 
Blakeney, where individual plants of Glyceria maritima were surrounded by 
a dense growth of Obione fortulacoides which was gradually increasing in 
height. When this happened the Glyceria plants sometimes sent up new vertical 
shoots to the upper surface of the Ohiom layer, where they produced fresh 
sets of leaves which remained connected with the smothered leaves and the 
substratum by means of the new vertical shoots. These instances resemble 
in many ways the process by which other plants contend with rising sand, 
but in the case of Glyceria contending with rising Obione w'ell-developed 
adventitious roots are not produced by the new Glyceria shoot as they are 
when a plant has risen through deposited sand. 



RECONNAISSANCE OF THE PLANT ASSOCIATIONS IN 
THE NEIGHBOURHOOD OF NEWBURY, BERKSHIRE 


By GEORGE MORRIS. 

{With a Sketch-ina'j) and Geological Section.) 

The observations recorded in the following brief notes were made by a party 
of fifteen, as part of the work of the Regional Survey Conference at Newbury 
during the second week of April, 1917. The examination of the associations 
was necessarily superficial, but it may be W'orth while briefly to set dowui 
the results as a record of tlie distribution of vegetation in a part of England 
which has not been described in detail from the ecological standpoint, and 
also as indicating the scope and use of holiday meetings for regional study 
by teachers, students and amateui* ecologists. In general the distribution 
of associations and their relation to the geological formations correspond 
very closely with the accounts given in Tyfes of British Vegetaiion, to which 
references are made in the footnotes. 

The area dealt with is based on the chalk syncline, striking east and vve ^t, 
w^hich extends from the scai j) of the North Hampshire and Wiltshire Dowuis 
on the south, where a sharp fold occurs (see Section, Fig. 1), to the scarp of 
the Berkshire Dowms, forming the southern boundary of the Thames Valley, 
on the north. Along this syncline the Rennet and its tributary the Enborne 
flow from west to east, dissecting the Tertiary beds which lie in the hollow^ 
of the syncline into a series of east-and-west parallel ridges, capped by Plateau 
Gravels of Post-Tertiary age. North of the Lambourn, w^hich flows into the 
Rennet from the north-west, outliers of the Tertiari('s, again capped by 
Plateau Gravels, and separated by smaller tributaries or dry tributary valleys, 
occupy the dip-slope on the northern limb of the syncline, while the higher 
levels of the chalk are largely covered with '‘Clay-with-Flints.’' The area 
also includes small inkers of Upper Greensand betW'een the Tertiaries and 
the southern escarpment. The rivers are bordered by alluvium, and by strips 
of river gravel which form terraces on each side of the alluvium (Map, Fig. 2). 

Geologic.\l Formations and Plant Associations (Map, Fig. 2). 

Chalk, Where exposed on the dip-slopes the chalk is almost entirely 
under the plough, with ruderals and weeds of cultivation forming the flora 
of the roadsides and field boundaries. Individual species such as Dancus 

Joum. of Ecology VII 5 



Dip alope of the Wiltshire Downs. 
• Arable, a little Calluna heath on 
“Claj-with-FUnts ” on the crests 


66 


Plant Associations near Newbury, Berks 

carota, Poterium sanguisorba and Cnicus acaulis indicate the remains of a 
chalk grassland flora. The chalk of the escarpments, e.g. of the Inkpen scarp 
south of the Kennet, and of that overlooking the Vale of White Horse, is 
covered with a close turf^ of Festuca ovina with numerous chalk-pasture 
plants such as Thymus serpylhim, Origanum vulgare and Cnicus acaulis. 
Beech hangers, with occasional Buxus and Taxus, were noted on both escarp- 
ments^. 

Clay-with- Flints. The red Clay-with-Flints on the dip-slopes of the chalk 
is also mostly arable land, but with numerous plantations of pine and beech, 
serving principally as game shelters. On the Inkpen ridge a small Calluna- 
Ulex community was observed and its relation with the chalk grassland noted. 

Upper Greensand. The inlier of this formation, exposed by the denudation 
of the fold on the southern edge of the syncline (see Section, Fig. 1), was 
almost entirely under permanent pasture, but a small hazel coppice with a 
vernal flora of Adoxa, Scilla and Primula acaulis was noted. 

Tertiary Beds. These are exposed on the flanks of the ridges and outliers 
north and south of the Kennet, and form a densely wooded area. They 
consist of alternating Woolwich and Reading Beds (sands, gravels and clays), 
London Clay, and Bagshot sand. The sands and gravels bear dry oak-birch 
woodland [Quercus robur dominant with Betula pubescens) and a ground 
vegetation of Rubus, Pteris, Oxalis aceto^sella, Digitalis purpurea, Teucriurn 
scorodonia, etc.^ Mixed deciduous woods, either entirely planted or formed 
by the introduction of planted species into the natural woodland, also occur. 
The principal constituents are Quercus robur, various exotic species of Quercus^, 
Fagus silvatica, Pyrus aria, Acer pseudo-platanus, Betula, with Pinus silvestris, 

^ Types, p. 173. * Ibid. p. 163. ® Ibid. p. 92. 

* Q, sessiliflora was looked for but not found. 
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Abies alba and other exotic conifers. The ground vegetation resembles that 
of the natural oak-birch type. There are also plantations of conifers with 
a distinctly heathy flora passing into the dry oak type when more mature. 
When a dry oakwood or mixed wood on the same soil is cleared for planting 
conifers, the old ground vegetation of Rubus, Pleris, etc., appears to give 
place to a heath flora in which Calluua, Erica cinerea and Aira jlcxmsa are 
dominant in dry places, with almost pure Molinietum on the borders of the 
alder swamps, w'hile Sphagnetum tends to form in the undrained wet areas. 
Seedling birches are very abundant in these clearings and probably have to 
be removed to pj’event their smothering the young conifers. 

The clays bear damp oakwood dominated by Q. robur with coppiced 
Corylus and Primula acaulis. Ranunculus auricomus, Liizula pilosa, EupJiorbia 
amygdaloides and Mercurialis perennis (often locally dominant)^ 

The valley bottoms bear aldcrwood (Alnus cilutinosa) with Ficaria verna, 
Chrysosplenium oppositifolium^ Spiraea ulmaria and Urtica urens^. 

Plateau Gravels. These are characterised by typical Calluna heath which 
was seen in all stages of development from an open association of seedlings 
two or three years old with lichens. Polyirichum jvniperinum and Rumex 
acetosella, to a state in whicli degenerating Calluna bushes ai*e covered with 
Cladoriia. The succession seems to be constantly set back as the result of 
frequent heath fires. The following variations of the heath were noted: 
(a) grass facies with Prunus spinosa and Rubus scrub, in the lower parts of 
the valleys and where oakwood approaches the heath^; (6) CalhinarUlex 
passing to pure communities of Ukx europaeus and U. minor^: (c) enclosed 
areas planted with species of pine, and with birch seedlings invading the 

1 Types, p. 70. ^ Ibid. p. 205. » Ibid. p. 103. ' Ibid. pp. 94, 109. 

^ Ibid. p. 105; also Fritsch and Parker, New Phyiologist, 12 , 1913, p. 149. 
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surrounding heath from these plantations; {d) limited invasions of Pteris 
from neighbouring oak-birch woodland. The advance of the bracken was 
apparently purely vegetative, and seemed to occur only where Calluna was 
absent. 



Fio. 2. Sketch-Map of the Newbury Kogion showing the relation of Geological structure with the 
Vegetation. Chalk, horizontal linen-, Upper Greensand, efottcd; Tertiary Sands and Clays, 
vertical linen; Plateau Gravel, cronnen; River Gravel, circlen; Alluvium, black. 


Small streams form fairly deep valleys intersecting the heath area and 
cutting into the Tertiary beds. Alder swamps extend along these streams 
and give place to peat bogs at the heads of the valleys, with Sphagnum spp., 
Myrica Gale, Narthecium ossifrayum, Drosera and Eriophorum, as constituents 
of the peat flora^. Bordering the alder swamp is a narrow zone of J uncus 
(?) effusus which extends for some distance along the borders of the peat bog, 
and in places is bordered by a zone of Molinia which passes up into the pure 


* Types, pp. 260, 263. 
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Colluna heath. Neither the Juncns nor the Molinia extends round the head 
of the bog, which abuts directly on Callunetum. 

Primitive Vegetation op the Area. 

The general conclusions as to the primitive vegetation of the area examined 
are as follows : 

1. The alluvium of the Rennet valley was occupied by reed fen with a 
border of alder-willow carr. 

2. The terraces of river gravel probably bore woodland of which there 
is no remaining trace. 

3. The Tertiary sands and clays bore dry and damp oakwood respectively. 

4. The Plateau Gravels capping the Tertiary ridges bore Calluna heath. 
The presence of well-grown pine remains in the peat at the heads of the 
stream valleys indicates the possibility that pinewood extended over the 
heads of these valleys and perhaps over the whole Plateau Gravel area. 

5. The Chalk may have been entirely covered with grass or scrub or 
may have borne beechwood, the remains of which persist as game covers. 

6. The Clay-with-Flints probably bore dry oakwood. 

The Vegetation as determining Human Activities. 

1 . The primitive settlements of herdsmen bordered the open chalk grass- 
land, and gave rise to chains of villages such as Inkpen, West and East 
Woodhay, Highclere, Burghclere and Kingsciere. The woodland settlement 
of the hunter is now represented by the manor house of the sporting land- 
owner (his lineal descendant), and its accompanying hamlet. Where the 
valley ways through the dry w'oodland of the river gravels approached one 
another on each side of a river at a ford, they gave easy access to the crossing 
and formed a nodal point w^hich gave rise to ford settlements such as Newbury 
and Boxford. 

2. The primitive roads and trackways kept to the lines of “good going’’ 
across dry open country, and mainly followed the edges of the chalk grassland 
(connecting the herdsmen’s settlements) or the tops of the Tertiary ridges. 
Others led through the dry woods along the valley gravels bordering the 
river valleys. 

3. The mediaeval buildings of timber and plaster are the results of the 
abundance of good oak in the neighbouring woodlands. The Cloth Hall at 
New^bury is a good example. 

4. The obsolete woollen industry at New’bury was probably the result of 
the abundant natural sheep pasture on the neighbouring chalk, both on the 
dip-slopes and escarpments of the Downs. It would be interesting to enquire 
whether the destruction of the pastures by ploughing killed the industry, 
or w'hether the decay of the industry owing to competition led to the ploughing 
up of the pastures. 
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Prp:sent-day Land Utilisation^. 

1. The drained and cleared valley bottoms are used for grazing (dairy 
and stock farms). The undrained land is under osiers for basket-making and 
the reed beds give thatching material and serve as cover for game. 

2. The river terrace gravels, chalk dip-slopes and Clay-with-Flints are 
almost entirely arable grain-producing land. 

3. The chalk escarpments and greensand inlier are mainly pasture. 

4. The Tertiaries are mainly timber-producing, but where they have been 
cleared mixed farming is the rule. 

5. The Plateau Gravels are almost entirely sterile waste land, but in 
some cases they have been planted with trees and produce timber. 

Tendencies to Chance in Land Utilisation. 

The following tendencies to change in the utilisation of the countryside 
were noted: 

1 . The planting of heathland to increase the yield of timber. 

2. The response of a new section of the community (wealthy city workers 
who use the country as dormitory and j:leasure ground) to the aesthetic 
appeal of the heathland and surrounding woods. This is resulting in the 
building up of purely residential settlements on the borders of the uninhabited 
heath. 

^ This was determined by a “transect” of the area, the use of the land on each side of the 
road, including every enclosure and the nature of the buildings, being noted on a six -inch map 
(1:10560). The general result was checked by means of a bird’s-eye view from the top of inkpen 
Beacon (1011 feet), the highest point in the area. 



THE BRYOPHYTES AND LICHENS OF FRESH WATER 

By W. WATSON. 

A PROVISIONAL account of freshwater vegetation is given in Types of British 
Vegetation, and the main purpose of this paper is to give some further in- 
formation in regard to the bryophytic flora. Freshwater habitats are very 
rich in bryophytes, especially where the water has a quick movement. The 
rocky beds of many mountain streams are covered with a prolific growth of 
mosses and liverworts, other plants, except minute algae, often being excluded. 
Though the mossy carpet usually consists of a mixture of bryophytic species, 
it often happens that one particular species becomes dominant. In a Pennine 
stream on Millstone Grit at Greenfield (Yorkshire) the rocky bed is thickly 
carpeted by a green form of AlicuUiria compressa, with occasional pure 
patches of Scapania undiilata interrupting it. It seemed to be purely a matter 
of chance which was dominant on a particular part of the rocky bed, as both 
liverworts were growing under exactly similar conditions, and sometimes 
occurred mixed together, Alicylarm compressa often occurs pure in mountain 
streams of Scotland and Wales but is usually of a redder colour, especially 
when the light intensity is high. Scapania dentata forms the main vegetation 
in some streams of siliceous districts, and in subalpine regions S. idiginosa 
and S. obliqua act similarly. In many streams from Kinder Scout (Derby- 
shire) Aplozia riparia^ is abundant, whilst A. cordifolia often occurs in the 
subalpine regions of Wales and Scotland. Besides these, the chief liverworts 
which form pure masses are Chiloscyphus polyanthus and its varieties fragilis 
and rivularis^, Mdrsupella aquadea, Aneura simiata, Eucalyx obovatus and its 
variety rivularis, and Madotheca porella. 

Amongst the Musci Hypmim commutalum or A mblyslegiam fiUcvm often 
forms a thick felting on the calcareous beds of streams, Eurhynchium rusci- 
forme is abundant over both siliceous and calcareous beds with a slight 
preference for the latter, and a slender lax-leaved form of Bryum pseudo- 
triquetrum occurs in streams on Millstone Grit. In addition to the above, 
the principal mosses forming pure masses on the beds of streams are 
Fontinalis antipyretica, F. squamosa, Brachythecium rivulare, Amblystegium 
irriguum, Hypnum riparium, H . falcatum, Hyocmnium flagellare, and Philonotis 
fontana. By the sandy sides of many streams of the Southern Pennines 

^ This is usually the form potamophila and has often been recorded as A. cordifolia. 

® The variety rivularis occurs in swifter waters than the variety fragilis, though it is also 
met with in the pure water of some Highland lochs. 
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Catharinea crispa forms large tussocks and seems to be able to endure and 
adapt itself to the alkaline and turbid waters discharged from waste-cleaning 
factories. 

In slowly moving waters bryophytes play a less important part, though 
their frequency is very variable, this variability being due to local circum- 
stances and often directly traceable to human interference. Hypnum, riparium, 
H. cmpidatum, H. aduncum, Ewhynchium rusciforme, and Fontinalis anti- 
pyretica are the most frequent and widely distributed, occurring in both 
siliceous and calcareous districts. The last three are sometimes given as pre- 
ferring calcareous districts, but the preference is only a slight one. Sphagna 
are sometimes abundant but are very rarely, if ever, found in waters rich in 
mineral salts. 

Few lichens are found completely submerged, though Dermatocarpon 
aquaiicum. and a few Verrucariae are common in some streams. Verruearia 
aquatilis is a rather rare species of such a habitat, but 1 have often found 
V. submersa or its allied species (V. aethiobola, V. laevata, V. margacea, V. 
hydrela) completely covering the stones on the beds of streams as a greenish 
or dark incrustation dotted with the papilloid perithecia. 

The treatment of the various freshwater habitats in which bryophytes 
occur follows the lines adopted in Types of British Vegetation. 

1. The Sub-formation of Foul Waters. 

In these waters bryophytes are absent. 

II. The Sub-formation of Slow lv- moving Waters relatively 
Rich in Mineral Salts. 

(a) Nearly stagnant waters. 

In waters containing phanerogams such as frog-bit and duckweeds the 
bryophytes are poorly represented. Ricciocarpus natans is usually found in 
such situations. The floating form has long, pendant, serrated, more or less 
violet scales on the ventral surface, and rhizoids are scarce or absent. The 
same plant may occur on the mud at the margins. In this terrestrial form 
the rosettes are less perfect, the colour is often darker and reddish, the 
rhizoids become abundant, and the ventral scales are greatly reduced, merely 
serving as a protection to the growing point. The ventral scales of the 
floating form not only serve as assimilating organs but also increase the 
surface so as to give a greater water-absorbing area and greater stability. 
In the terrestrial form the rhizoids are more efficient agents for obtaining a 
sufficient amount of dissolved substances and for ensuring stability. 

Riccia fluitans is often associated with Lemna, and also has two forms, 
the terrestrial form having many rhizoids whilst the floating form has none. 
The terrestrial form may occur at the margins of the pools or may be com- 
pletely submerged during wet periods, its rhizoids attaching it to the mud at 
the bottom of the water. 
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Hyfnum aduncum, H. cuspidaium, H. cordifolium and H. g^anteum 
sometimes occur in similar situations, but can scarcely be considered as 
members of this association. 

(b) Slowly flowing waters. 

(1) Submerged. 

Cinclidotus fontinaloides H. riparium var. longifolium H. aduucum 
Fontinalis antipyretica H. cuspidatum var. patornnin 

Eurhynchium rusciforme H. gigantciim var. inte^rmedium 

Hypnum cordifolium 


(2) On hanks Hi 
Barbula tophacea 
B. cylindrica 
Tortula mutica 
Leskea polycarpa 
Hypnum riparium 
H. stellatum 


le to frequent submergence, 
H. stellatum var. protonsum 
H. aduncum 
H. commutatum 
H. polygamum 
H. cordifolium 
H. giganteum 


H. cuspidatum 
Amblystegium filicinurn 
Pellia fabbroniana 
Aneura pinguis 
Lophozia turbinatfi 


HI. SUB'FORMATION OF SlOWLY-MOVING WaTERS RELATIVET.Y PoOR 

IN Mineral Salts. 

(1) Submerged. 

Dicranella squarrosa H. cmspidatum Anouiu pinguis (long form) 

Webera all)icans var. glacialis Sphagnum cuspidatum Pellia cpiphylla 

Splachnum vasculosum (alp- var. plumosum Marsupella emarginata 

ine) var. serratum M. aquatica 

Bryum pseudotriquetrum 8. torreyanum Alicularia compressa 

Mnium cinclidioidos 8. rufescens Gyrnnocolea inflata form na- 

M. punctatum 8. crassicladum tans 

M. affine var. elatum 8. obesurn Cephalozia lammersiana 

Fontinalis antipyretica 8. auriculatum Chiloscyphus polyanthus var. 

Eurhynchium rusciforme 8. cyrnbifolium var. squai - rivularis 

Amblystegium irriguum rosulum Scapania undulata 

Hypnum fluitans Marchantia polymorpha var. Lepidozia setacea 

H. exannulatum aquatica 


(2) On banks liable 
Polytrichum commune 
P. strictum 
Dicranella squarrosa 
Blindia acuta 
Fissidens adiantoides 
Philonotis fontana 
Aulacomnium palustre 
Bryum pseudotriquetrum 
Eurhynchium rusciforme 
Hypnum riparium 
H. stellatum 
H. intermedium 
H, exannulatum 


to f requent submergence. 
H. fluitans 
H. cuspidatum 
8phagnum cyrnbifolium 
8. imbricatum 
8. papillosum 
8. subnitens 
S. inundatum 
Conocephalum conic um 
Lunularia cruciata 
Pellia epiphylla 
Aneura pinguis 
A. multifida 
A. major 


Marsupella emarginata 
M. aquatica 
Alicularia scalaris 
Eu calyx obovatus 
Aplozia riparia 
Gyrnnocolea inflata form laxa 
Chiloscyphus polyanthus 
var. fragilis 
Cephalozia connivens 
C. bicuspidata 
C. fluitans 

Calypogeia trichomanis 
Lepidozia setacea 
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IV. SUB-FOBMATION OF QuiCKLY PLOWING STREAMS. 

#■ 

In this sub-formation phanerogams are few, the vegetation largely con- 
sisting of bryophytes. Foliose liverworts are often very abundant. 

Many of the bryophytes growing in the stream may also occur at the 
margins in places which are frequently submerged, or even where only oc- 
casionally submerged, since the splashes and spray caused by the water 
dashing against the stones may keep them constantly wet. Some species are 
more characteristic of one situation than of another and I have thought it 
advisable to arrange them under four groups of communities. 

(1) A community actually submerged in the stream. 

(2) A community growing in places where the plants are frequently 
submerged and are constantly kept moist through splashes or spray. 

(3) A community of less hydrophilous plants which are occasionally sub- 
merged and are often wet by splashes or spray. 

(4) A community of plants growing in or near waterfalls. 

Each of these may again be arranged in regard to their occurrence in 
calcareous or non-calcareous waters. In the following lists this has not been 
done, but where a plant is distinctly a plant of non-calcareous waters S is 
prefixed, C similarly indicating a plant of calcareous waters. When the 
preference is less decided small letters (s and c) are used. 

Many of the bryophytes given not only have no xerophytic devices but 
also show special hydrophytic characters. As a general rule the bryophytes 
of wet ground have larger cells than those of drier situations, the largest 
cells being shown by those bryophytes occupying a moist habitat (e.g. Pterygo- 
phylluni lucens). In some plants of rapid streams the cells are smaller than 
those of allied plants occurring on wet ground or in quieter waters, less strain 
being withstood by the latter (cf. ChiloBcy'phus polyanthus var. riviilaris and 
var. fragilis, the cells of the former being little more than half the size of 
those of the latter). The cell-walls of the plants submerged in mobile waters 
are usually firmer or more thickened, this character again being connected 
with opposition to strain. Strong and numerous rhizoids which adhere 
firmly to the substratum are present. In plants of still waters or of wet 
ground the rhizoids are often fewer in number. In many plants (e.g. Reboulia) 
the form of wet ground has fewer rhizoids than the form of drier situations, 
as water is more easily obtainable by the general surface of the leaves or thalli. 

The leaves of plants submerged in rapid streams or exposed to the splashes 
from waterfalls are often worn away on the lower parts of the stem, but 
some plants have devices protective against such injury. In some the leaves 
have a thickened border (e.g. Ginclidotus), in others the leaves are folded 
over (e.g. Fontinalis). Other devices such as papillation (e.g. Dichodontium 
pellucidum), recurving of the leaf-margin (e.g. Bryum pseudotriquetrum), and 
falcation of the leaf (e.g. Hypmim commutatum), though usually devices pro- 
tective against loss of water, may prevent injury to the leaf. Dicranella 
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heterornalla when growing in or near mountain streams sometimes has its 
leaves very falcate, so that only the upper portions, consisting chiefly of the 
thickened midribs, are exposed, whilst the typical plant growing on damp 
soil possesses little falcation. 

Reduction of many struetures often occurs in plants of wet places; the 
pores may be reduced (e.g. Marchantia), the ventral scales may become 
fewer or disappear (e.g. Dumortiera), or the hyaline cells may be relatively less 
(e.g. Sphagnum crassieladuni). In Catharinea erispa the assimilating lamellae 
are fewer and lower than in the allied species of drier ground and a similar 
reduction sometimes occurs in submerged Polytricha: in fact, a wet ground 
form of P. gracile with reduced lamellae was at first described as a new species 
{Catharinea dixoni) and placed in a genus characterised by its few lamellae. 
The strengthening fibres of the hyaline cells of Sphagnum may also be fewer, 
blit such reduction does not occur in Sphagna living in rapid streams. 

In rapid streams the plants are often very robust and much elongated 
(e.g. Alicularia compremi). Plants which are typically pinnate often lose 
their pinnate character, the branches becoming very long (e.g. Eurhynchiuni 
rusciforme var. alo pec u raid es). The leaves are often large and are sometimes 
lengthened. In Pellia epiphylla there are a number of strengthening bands 
and these are usually more pronounced in the form of rapid streams; in the 
plant of moist nooks (var. ej'asciata) they are fewer. 

In some of the following lists the flowering plants have been added in 
order to give a better idea of the vegetation as a whole. 

(1) Submerged community. 


S. KanuiKiulu.H lenormiindi f*. 

R. peltatus o. 

,, var. penicillatus f. 

R. hederaceus o. 

R. fluitaris f. 

R. circinatus r. 

Nasturtium officinale, often small and dark 
in mountain streams o. 

S. Stellaria uliginosa o. to l.a. 

8. Montia fontana, (^specially the var. l ivu- 
laris l.a. 

8. Peplis portula o. 

8. (^allitriche veriialis o. 


C, ohtusangula, usually in still waters o. 

C. stagnalis l.a. 

(X intermedia. All these species of Callitricdie 
arc (aimmoner in slowly moving waters. 
8. Myriophyllum alterniflorum l.a. 
(Enanthe crocata o. 

Apium nodifiorum f. 

Myosotis palustris o. 
s. Elodea canadensis o. 

8. Potamogeton pusillus l.a. 
s. P. crispus l.a. 

P. polygonifolius o. 

8. Glyceria tiuitans l.a. 


8. ('atharinea erispa. On sand l.f. 

8. Dichodontium tiavescens. On rock l.f. 

8. Dicranella squarrosa. On sand or rock a. 
8. Blindia acuta. On rocks (commoner at 
sides) o. 

C. Fissidens crassipes. On stones o. 


F. rufulus. On stones r. 

8. Rhacomitrium aciculare. On rocks a. 
c. Cinclidotus fontinaloides. On stones or 
wood f. 

Orthotrichum rivulare (usually a mar- 
ginal plant) o. 


^ The letters indicating the frequency are those usually employed, d. dominant, sd. sub- 
dominant, a. abundant, f. frequent, o. occasional, r. rare, vr. very rare, 1. local. 
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S. Aulacomnium palustre (usually in boggy 
places) o. 

S. Philonotis fontana a., C. P. calcarea o., 
and S, P. caespitosa o., are frequent in or 
near streams, though commoner in or near 
bogs. 

Webera ludwigii var. latifolia. Alpine r. 

Bryum pseudotriquetrum. A slender foi*m 
is often abundant in streams on Millstone 
Grit o. 

B. bimum (perhaps more frequent in cal- 
careous districts) o. 

B. filiforme and B. concinnatum. On rocks 
r. 

B. alpinum var. distantifolium. On stones 
vr. 

B. mildeanum and B. dixoni. On rocks or 
sand r. 

Fontinalis antipyretica (more frequent in 
slower streams, thpugh its var. gracilis 
usually occurs in swift streams) If. 

S. P. squamosa. Often abundant in moun- 
tain streams f. to a. 

F, dalecarlica, F. dixoni and F. seriata are 
rarer plants. 

c. Leskea polycarpa (commoner at the 
margins of quieter waters) o. 

Brachythecium rivulare. Usually on stones 
a. Vars. latifolium and cataractarum ap- 
pear to be more frequent in siliceous dis- 
tricts r. 

c. Aneura pinguis. On rocks or soil f. 

s. A. sinuata. On stony bed. It is the most 
hydrophilous of the Aneuras f. 

S. Pellia epiphylla and 0. P. fabbroniana. 
Commoner at the margins f. The var. 
lorea of the latter is usually submerged o. 

S. Marsupella marginata (usually on rocks) f. 

S. M. aquatica. Usually in more aquatic 
situations than the preceding and on 
rock l.f. 

M. sphaoelata. Alpine vr. 

S. Alicularia compressa. On rocky or stony 
beds. Sometimes it becomes much elon- 
gated f. to sd. 

8. A. scalaris vars. distans and rivularis r. 

S. Eucalyx obovatus var, rivularis. Usually 
on rock r. 

S. Aplozia cordifolia. On alpine or subalpine 
rocks La, 


S. Hyocomium flagellare. On rocks a. In 
mountain streams it often becomes much 
elongated. 

Eurhynchium rusciforme. On rocks or 
stony ground a. to sd. The lower portions 
are often dark and denuded of leaves. 

S. Amblystegium irriguum. On stones, rare- 
ly in rapid streams f. 

c. A. fluviatile. On stones, often in rapid 
streams o. 

C. A. filicinum occasionally occurs on silice- 
ous formations f. Var. vallisclausae o. 

Hypnum riparium. On stones, wood, etc. f. 

H. fluitans (usually in boggy places) o. 

8. H. exannulatum especially var. falcifo- 
lium o. 

H. falcatum (often a bog plant) o. 

C. var. viresceris usually occurs in or 
near streams r. 

C. H. commutatum (rare on siliceous forma- 
tions) a. 

8. H. stramineutn (often a bog plant) o. 

8. H. eugyrium. On rocks o. 

8. H. ochraceum and var. flaccidum. On 
rocks f. 

H. molle, H. dilatatum and H. arcticum are 
alpine r. 

H. palustre (usually on rocks) o. 

8. Sphagnum rufesceiis, 8. auricula turn and 
8. obesum o. 

8. 8. crassicladum f. 

A. riparia form potamophila is often com- 
pletely submerged If. The var. rivularis 
is truly aquatic r. 

A. pumila var. rivularis is a more aquatic 
plant than the type r. 

8. Chiloscyphus polyanthus is usually a mar- 
ginal plant o. 8. var. rivularis o. and 
var. fragilis f. arc sometimes completely 
submerged. 

s. Scapania dentata. Often in marshy 
places a. 

8. 8. undulata is also common in marshy 
places a. to d. 

8. uliginosa and 8. obliqua are alpine or 
subalpine l.f. 

8. Madotheca porella and Jubula hutch- 
insiae. On rocks r. 
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Lichens are few, though they may be locally abundant. They are attached 
to the rocky beds or on stones and are mostly crustaceous. 


S. Collemodium flu via tile r. 
AspiciJia lacustris r. 

S. Looidea scmipallens r. 
Dermatocarpon aquaticum f. 
Polyblastia theleodes r. 

P. subviridicans r. 


Verrucaria submersa f. 
V. margacea r. 

V. laevata o. 

V. aquatilis r. 

V. aethiobola o. 


Algae are frequent, those given below being usually attached to stones in 
the bed of the atreani. 


C. Chara vulgaris and other species of Ohara 
are usually plants of quiet waters. 

S. Nitella opaca usually found on the bot- 
tom of ponds. 

8. Sacheria mammillosa f. 


S. 8. fluviatilis o. 

8. fuciaa o. 
Lemanea torulosa o. 
L. parvula o. 
Chantransia spp. o. 


Batrachosfermum nioniliforine and other species are occasionally sub- 
merged in streams but are often in quieter winters. 

C. Rivularia haematites f. Nostoe verrucosum f. 

Lyngbya spp. o. N. sphaericum f. 

Oscillatoria irrigua (dark purplish patches) Ulothrix zonata is not uncommon on stones 
f. in streams. 

O. musconim and other species o. StigecHjIonium tenue and other specie s o. 

Drafarnaldia glomerata is usually found in quiet w^aters; when present in 
rapid streams it only occurs where the stream is impeded. 

Cladophora glomerata a. s. (yhoaspis stictina o. 

Hydrurus foetidus r. 8pirogyra insignis o. 


Other species of Spirogyra usually found in quiet waters are occasionally 
present. 

Vaucheria usually occurs in quiet waters but F. Hc^silis is sometimes 
found in rapid streams. 

(2) Frequently submerged and ke'pt iuoisl by splashes or spray. 

Phanerogams are more conspicuous but the main vegetation often con- 
sists of bryophytes. 


8. Ranunculus lenormandi o. 

R. hederaceus o. 

R. flammula La. 

R. peltatus o. 

Nasturtium officinale a. 

8. Stellaria uliginosa La. 

Sagina nodosa o. 

8. Chrysosplenium oppositifolium La. 
c. C. alternifolium o. 

8. Montia f on tana La. 

8. var. rivularis La. 


Apium nodiflorum f. 

CEnanthe crocata o. 

Veronica beccabunga f. 

8. Sibthorpia europaca Lf. 

8. Mimulus langsdorfii and M. moschatus on 
stones Lf. 

Myosotis palustris a. 

Alopecurus goniculatus f. 

Lycopodium inundatum r. 

Sclaginella selaginoides r. 
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Catharinea crispa. Among sand or grass 
Lf. 

S. Polytrichum commune is rather a plant 
of marshy places a. 

8. Dichodontium pellucidum. Usually on 
rock a. 

8. D. flavescens is often submerged o. 

8. Dicranella schreberi var. elata o. 

8. D. squarrosa. Usually on sandy bed a. 

8. Blindia acuta. On rock, sometimes on 
soilcap l.a. 

8. Fissidens osmundoides. On rock o. 

8. F. adiantoides (often a bog plant). On 
rock o. 

C. F. crassipes. On rock o. 

C. F. docipiens. On rock or grassy bank o. 

Grimmia apocarpa (usually on drier rocks) 
o. Its varieties rivularis, gracilis and 
alpicola are often found on boulders of 
the stream l.f. 

8. Rhacomitrium aciculare. On rocks f. 

8. R. ellipticum. On rocks r. 

Barbula spadicea. On rocks or sand o. 

C. B. tophacea. Usually on wet rock o. 

C. Weisia rupestris and W. verticillata on 
rock o. 

8. Trichostomum tenuirostre and var. holtii. 
On rocks o. 

8. Zygodon mougeotii. On rocks f 

C. Orthotrichum rivulare. On rocks and 
tree roots o. 

8. Philonotis fontana and P. caospitosa on 
sandy or peaty sides f. 

C. P. calcarea (often in bogs). On wet 
ground o. 

Conocephalum conicum. Usually on rock 
just above the water a. 

Lunularia cruciata is rather a plant of damp 
places o. 

Dumortiera hirsuta. On dripping rocks o. 

c. Preissia quadrata (usually on rocks) o. 

s. Marchantia polymorpha. Often on bould- 
ers in stream o. 

Aneura pinguis. Often present amongst wet 
rocks or soil f. 

s. A. multifida. Wet rocks and soil f. 

8. Pellia epiphylla. Wet rocks and soil a. 

8. P. neesiana. On grassy ground, or on 
rocks o. 


Bryum pseudotriquetrum and B. bimum on 
wet ground or rocks a. 

Mnium punctatum. On ground, rocks or 
soilcaps a. 

8. Pterygophyllum lucens. On ground or 
stones f. to a. 

C. Porotrichum angustifolium r. 

P. alopecurum. On ground, rocks or soil- 
caps a. to sd. 

Brachythecium rivulare and B. plumosum. 
Usually on rocks f. 

8. Hyocomium flagellare. Usually on rock a. 

Eurhynchium rusciforme. Usually on rock a. 

8. E. myosuroides var. rivulare. On rock r. 

0. E. teesdalei and E. curvisetum o. 

8. Scmatophyllum micans and var. badcnsc. 
On rocks r. 

8. Amblystogium irriguum. On stones o. 

C. A. filicinum and var. trichodes f. 

Hypnum riparium. On stone.s, ground, 
etc. a. 

8. H. exannulatum, H. revolvetis, and H. 
intermedium o. 

C. H. commiitatiim. On rock or soil f. 

C. H. molluscum (usually drier places). On 
rock or soil o. 

H. palustre, H. eugyrium and H. ochraceum 
o. 

8. 8phagnum molle, 8. squarrosum, 8. sub- 
nitens o. 

8. 8. cymbifoliuni especially its var. 'squar- 
rosulum o. 

8. 8. rufesccns, 8. inundatum, 8. auricula- 
turn f. 


C. P. fabbroniana. On rocks or on ground a. 

8, Marsupella emarginata and M. aquatica 
(usually on rock) f. 

8. Alicularia scalaris (usually drier situa- 
tions) and var. procerior. On ground or 
rock o. 

8. Eucalyx obovatus especially forms elon- 
gatus and laxus. On rocks or soil f. 

8. Aplozia sphaerooarpa. On rock or soil f. 

8. A. cordifolia. More frequently a sub- 
merged plant o. 

A, riparia especially form potamophila f. 

A. atrovirens. In wet rocky places r, 

A. pumila. On rocks or in gravelly places o. 
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S. Gymnocolea infiata (usually on peaty 
sides) o. 

c. Lophozia muelleri. On alpine and sub- 
alpine rocks l.f. 

s. L. bantriensis. On alpine and subalpine 
rocks and ground o. 

L. kunzeana on wet ground. Alpine vr. 
s. Sphenolobus politus. Wet ground. Not 
uncommon in alpine regions and is usually 
associated with Harpanthus flotowianus 
and Lophozia bantriensis r. to If. 
(^hiloscyphus polyanthus. Wet ground a. 

8. var. fragilis. Often on rocks just 

above the level of the stream a. 
s. Harpanthus flotowianus. Sides of streams 
Alpine 1. 

Lichens are not abundant: they 
and are usually attached to rocks. 

Collemodium fluviatile r. 

Spilonema paradoxurn o. 

Pilophorus ccreolus r. 

Aspicilia laeustris r. 

A. epulotica r. 

8. Lecidea contigua form liydrophila a. 
Bacidia inundata o. 

Hhizocarpon perlutum vr. 

Many algae occur on the wet roc 
quently submerged. The following li 
found. 


Ccphalozia bicuspidata. Sides of streams a. 
Calypogeia fissa. On ground, usually when 
peaty f. 

Blepharostoma trichophylliim. On ground, 
rocks or stumps o. 

Trichocolea tomcnt(‘lla. On ground o. 

8. Diplophyllum albicans (longer and more 
robust form) f. 

8. Scapania subalpina. Subalpine, on gravcd- 
ly detritus r. 

8. nemorosa var. uliginosa. Usually in 
marshes o. 

8. dentata. On wet rocks or soil a. 

8. diibula hutchinsiae. Rocks or caves o. 
Anthoecros latn is (form). On ground r. 

chiefly belong to the crustaceous group, 

H. obseuratum var. Javatum r. 
Dermatoearpon miniatum var. com plica- 
turn f. 

Polyblastia theleodes r. 

Porina lecitissima r. 

Verrucaria hydrcla r. 

V. margacea o, 

V. papillosa o. 

*ks or on the bryophytes which are fre- 
ist gives some of the characteristic algae 


Batrachospermum spp. and Chant ransia 
spp. o. 

C. Rivularia haematites f. 

Dichothrix orsiniana f. 

Stigonema spp. f. 

Rivularia Crustacea o. 

0. Scytonema myochrous (in felt-like 
masses) f. 

C. 8. alatum forms a brownish -green stra- 
tum f. 


(J. Schizothrix calcicola and 8. laidacea o. 
Plectonema tomasinianum in brownish felt- 
like masses. 

C. Phormidium piirpurasceiis in purplish 
masst‘s. 

Nostoc muscorum and N. humifusum f. 

N. commurKi (wet ground) f. 

Species of Oseillatoria, Glococapsa and 
Lyngbya f. 


Many Chlorophyceae, especially the unicellular members, are present. 

(3) OccaMonally submerged. 

Phanerogams become more abundant, but bryophytes are still dominant. 
Most of the plants given as occurring in (2) also occur in this association and 
may be supplemented by many others. 
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Thaliotrum minus 
Stellaria media 
Cardamine amara 
Hypericum tetrapterum 
Oxalis acetosella 
Lotus uliginosus 
Geiim rivale 
Saxifraga hypnoides 
Epilobium tetragonum 
Wahlenbergia hederaoea 
Lysimachia nemorum 
Mentha aquatica 

S. Andreaea petrophila o. 

S. Tetraphis browniana 1. 
Swartzia montana l.f. 

8. Ceratodon purpureus o. 

S. Cynodontium polycarpum 
o. 

S. Dicranella crispa o. 

S. D. heteromalla o. 

D. rufescens o. 

D. varia o. 

D. schreberi o. 

C. Reboulia hemisphaerica 
(often drier places) o. 
Metzgeria conjugata o. 

S. Eucalyx hyalinus o. 
c. Lophozia turbinata f. 
c. L. badensis f. 
s. PJagiochila spinulosa o. 

8. P. punctata o. 
s. P. tridenticulata o. 

8. Lophocolea bidentata form 
latifolia o. 


Oxyria digyna 
Polygonum viviparum(alpino) 
Tofieldia palustris (alpine) 
Narthecium osstfragum 
Juncus articulatus 
J. bulbosus 
J. triglumis (alpine) 
eT. biglumis (alpine) 

Luzula maxima 
L. pilosa 
Scirpus setaceus 
Carex echinata 

C. Barbula cylindrica a. 

B. fallax a. 

Weisia ciirvirostriB r. 

8. Anooctangium compactum 
var. pellucidum r. 

C. Cinclidotus brebissoni o. 

8. Discelium nudum r. 

8. Funaria temple toni o. 

8. Breutelia arcuata l.f. 
Webera carnea f. 

Hygrobiella laxifolia “^(subalp- 
ine) r. 

Eremonotus myriocarpus 
(subalpine) r. 

8. Oalypogeia trichomanis o. 
8. Lepidozia trichoclados o. 

8. Scapania intermedia o. 
s. 8. irrigua o. 

8. 8. umbrosa o. 

Radula aquilegia r. 

R. voluta r. 


C. oederi 
C. pulicaris 
Equisetum palustre 
E. hyemale 
E. variegatum 
Phyllitis scolopendrium 
Polystichum aculeatum 
Lastrea filix-mas 
L. montana 

Hymenophyllum tunbridg- 
enso 

H. peltatum 

W. albicans a. ' 

Bryum pallens f. 

B. capillare var. flaccidum o. 
8. Heterocladium hetcro- 

pterum f. 

Thuidium tamariscinum a. 

C. T. philiberti o. 
Amblystegium serpens f. 

8. Sphagnum quinquefarium 
La. 

Madotheca rivu laris o. 

8. Colucolejeunea calyptri- 
folia r. 

C. Cololejeunea calcarea o. 

C. C. rosettiana o. 

Lejeunea eavifolia f. 

L. patens f. 

8. Harpalejeunea ovata o. 
Drops nolejeunea hamatifolia 

o. 

Frullania tamarisci f. 


The lichens are chiefly represented by crustaceoiis forms but a few foli- 
aceous and fruticulose species are occasionally present. 

Ephebe pubescens 8. fuliginosa Coenogonium ebeneum 

Collema flaccidum • Peltidea aphthosa Racodium rupestre 

C. pulposum Peltigera rufescens var. prae- Lecidea contigua 

C. C. multipartitum textata Dermatocarpon lachneum 

C, C. furvum Parmelia laevigata D. hepaticum 

Stictina sylvatica Lecanora coilocarpa 

Algae are less abundant, being chiefly represented by unicellular species 
occurring amongst the wet bryophytes. 

The list of bryophytes given above could be extended since a stream side 
is a particularly good habitat for both mosses and liverworts. It is one of the 
most favourable for the majority of mosses, and is the only one below sub- 
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alpine regions in which we meet with both abundance and diversity of liver- 
worts. 

Many of the species of this association flourish niore freely in well-shaded 
ravines, dells, etc., where the conditions are always humid. This is especially 
true of the following species: Porotrichum alopeciinun, Heierodadivni hetero-- 
ptenini^ Bryum capillare var. Jlaccidum^ Myiinm punctaium, Playidchila 
spinulosa, P. punctata (W), P. tridenticulata ( W), Metzgeria conjugata, Blepharo- 
stoma trichophyllmn , Trichocolea tonientelhi , Scapania urn hrosa , Rad if la 
aquilegia (W), R, voluta (W), Madotheca rivularis, Cohirvlejeunea (nlyptnfolia, 
Cololejeunea calcarea, Lejeunea patens, Harpalejewiea ovata (W), Drepa/no-- 
lejeunea hamatifolia (W). Some of these, which are indicated in the text by 
W, are usually confined to the more humid ravines of the west. 

The vegetation of these well-shaded ravines is sufficiently distinct to 
rank as a sub-association or even as a separate association. Nantcol Glen 
near Harlech in N. Wales, Clifton gully near Tyndrum in Perthshire and 
Holford Combe (upper reaches) in Somerset may be given as presenting 
different facies. They all agree in having a deep gully with a constant flow^ 
of water at the bottom and the sides overhung with trees. The altitude is 
nearly the same, though the Tyndrum stream (800 ft.) is somewdiat higher 
and owing to its latitude and situation is much more subalpine in character 
than the other two, the Somerset gully showing no subalpine indications in 
its vegetation. Both the Tyndrum and Nantcol streams have rocky beds 
with, many rocky shelves on the sides and boulders scattered on the base or 
piled up on the sides, whilst the Somerset stream is much less rocky and its 
floristic composition consequently less diverse. The rocky substratum in 
all three cases is chiefly siliceous though the Clifton burn possesses some 
schistose rocks with lime contents, Hypnaat fiioliiiscum and some other 
calcicole species being present. The trees shading the gullies are chiefly birch 
at Tyndrum and oak at Nantcol and Holford Combe. 

The following list gives the characteristic bryophytes. The frequency of 
the species is indicated by the usual abbreviations; when a dash is employed 
it merely indicates the presence of the plant without giving any information 
as to its frequency. The abbreviation abs signifies the probable absence of 
the species, whilst c.fr. is added in some cases to indicate that sporogonia 
have been found on plants which are rarely fertile. 



Tyndruni 

NanV'ol 

Slightly 

Holford Combe 

Soil 

Subalpine 

Somewhat 

subalpine 

Upland 


calcareous 

Siliceous 

Siliceous 

Shaded chiefly by 

Birch 

()ak 

Oak 

Rocky c)iaracter 

Strong 

Strong 

Weak 

Totraphis pellucida 

o 

f 

f 

f 

Catharinea undulata 

o 

Polytrichum aloides 
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o 

f 
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The Bryophytes and Lichens of Fresh Water 


P. formosum 

Diohodontivim pelluoidum 
Fissidens adiantoides 
F. bryoides 
F. osmundoides 

Grimmia harimani and G, retracta 
Rhacoinitrium aciculare 
R. protensura 
Barbula cylindrioa 
B. fallax 

Breutelia arcuata 
Weisia curvirostria 
Bryum oapillare 
Mnium bomum 
M. undulatum 
M. punctatum 
Ptfirygophyllum lucens 
Porotricnum alopecurum 
Heterocladium hetoropterum 
Pterogonium gracilo 
Orthothecium rufescens 
Thuidium tamariscinum 
T. delioatiilum 
Eurhynchium praelongum 
var. stokesii 
E. myosuroides 

var. rivulare 
E. rusci forme 
Hypnum molluscum 
H. cupressiformo 
H. cuspidatum 

Sematophyllum micans var. badense 
Hyocoraium flagellare 
Plagiothecium undulatum 
P. denticulatum 
P. elegans 

Braohythecium plumosum 
Preissia quadrata 
Aneura pinguis (drawn form) 
Metzgena conjugata 
M. hamata 
Pellia epiphylla 
Marsupelfa emarginata 
Euoalyx obovatus 
Aplozia riparia 
A. pumila 
A. atrovirens 
Lophozia muelleri 
Plagiochila spinulosa 
P. punctata 
P. tridenticulata 
P. asplenioides 
Lophocolea cuspidata 
L. bidentata 
Saccogyna viticulosa 
Chiloscyphus polyanthus 
Cephalozia bicuspid ata 
Blepharostoraa triohophyllum 
Trichocolea tomentella 
Diplophyllum albicaUvS 
Scapania gracilis 
S. nemorosa 
S. undulata 
8, dentata 
Radula lindbergii 
R. aquilegia 
R. voluta 


Tyndrum 

Nantcol Halford Combe 

- 

o 

f 

a 

a 

a 

a 

o 

o 

o 

o 

o 

o 

- 

abs 

_ 

r 

abs 

o 

f 

f 

- 

f 

abs 

a 

o 

r 

o 

o 

o 

o 

o 

r 

o 

r 

abs 

f 

a 

a 

f 

f 

a 

o 

o 

a 

f 

a 

a 

f 

o 

a 

a 

a 

a 

o 

a (c. fr.) 

a 

i 

o 

abs 

f 

abs 

abs 

o 

a 

f 

_ 

f 

abs 

f 

f 

f 

. _ 

o 

r 

f 

a 

a 

- 

o 

abs 

f 

ji 

a 

a 

r 

r 

a 

a 

a 

o 

a 

a 

ab.s 

r 

al)s 

r 

a 

o 

f 

a 

a 

o 

f 

f 

o 

a (c. fr.) 

f 

— 

a 

o 

f 

abs 

abs 

a 

r 

r 

a 

f 

o 

- 

r 

abs 

f 

a 

a 

o 

f 

r 

C) 

f 

abs 

o 

- 

<> 

f 

- 

r 

o 

abs 

abs 

a 

abs 

abs 

f 

f 

f 

- 

f 

al)8 

abs 

r 

abs 

o 

f 

a 

o 

o 

f 

o 

o 

a 

~ 

a 

r 

o 

o 

o 

f 

f 

a 

a 

f 

abs 

o 

o 

o 

o 

a 

a 

- 
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r 

o 

() 

r 

o 

a 

a 

o 

a 

a 


r 

abs 

abs 

r 

abs 

abs 

r 

abs 
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Colurolejeunea calyp trifob a 

Tyndrimi 

ab.s 

Nantcol 

r 

llolford Co7Hbe 
abs 

Lojeunea cavifolia 

a 

a 

a 

L. patens 

a 

a 

abs 

Brepanolejeunea hainatifolia 

ab.s 

a 

abs 

Harpalojeunea ovata 

abs 

a 

al>s 

FruUania tamarisci 

(> 

a 

o 

F. fragilifolia 

- 

f 

abs 

Hygrobiella laxifolia 

f 

r 

abs 

Adelanthus dendpienM 

abs 

»■ 

abs 

Calypogeia fissa 

a 

f 

o 

C. trichomanis 

o 

a 

f 

Jubula hutchiiiMiac 

abs 

r 

abs 

Madothcca porella 

abs 

r 

abs 


(4) Waterfalls. 

Many bryophytes are characteristic of this habitat; lichens are rarely 
present but some algae are common. Some of the characters shown by the 
bryophytic members of this association are given on page 74. 


TciraphiH browniana o. S. Trieliostomum tenuiiostrc 

S. Blindia acuta l.a. var. fioltii o. 

var. triohodca r. C. Ortyiotricbuni rivular(^ f. 

S. Dichodontium }K‘llucidiim S. Pbilonotis fontaiia o. 

a. S. 1*. cacspito.sa o. 

S. 1). davcscons o. (\ P. ealear(*a o. 

S. Rhacorriitriuni a(!iciilar(‘ a. S. Breutelia arcuata f. 

8. H. ellipticum r. Bryuni palliMiH o. 

I^'issideiiH rivularis r. B. pseiidotriquetrum o. 

C. W(?isia verticillata f. 


Hcterocladium hetcropt('i’um 

f. 

s. PorotT'iclium alopeciiruin a. 
Brachythccium rivulare f. 

var. cataractarum o. 
Euidiyiichium ruseiforrnc a. 
S. Hyocomium flagelJarc f. 
Sematophyllum micans r. 

8. Hypinmi ochraceuin o. 

8. var. flacciduni f. 


( ■onocophalum coiiicum f. 
8. IVllia (‘piphylla (oftcMi 
(‘longated) f. 


C. P. fabbi oiiiana var. lorca o. 
8. Marsupclla oniarginata o. 
Lcj(‘unca holtii 1. 


Aploz.ia pumila f. 
Plagiochila spimiloaa o. 
Jubula hutchinsiac o. 


8. Ephebe pubesccns o. 


8. Lecidca contigua form hydjophila o. 


C'haiitraiisia chnlybca o. 
Batrachospermiirn spp. o. 
8tig()nema s})p. o. 


Ri \ ularia crustaccai o. 
tdiormidium purpiirasceiiH o. 
8tichococcus variabilis o. 


Cladophora gloiiicrata f. 
yauchoria scssilis (form) f. 


I am much indebted to many botanical friends (especially Mr D. A. Jones) 
for pleasant and helpful comradeship in my field-work, and also to Messrs 
Dixon, Macvicar, Nicholson and M^heldon for testing many critical bryo- 
phytes and for help in other ways* 
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REVIEW 


Bews, J. W. The Grasses and Grasslands of South Africa, Pietermaritzburg 
(Davis & Sons, Ltd.), 1918, pp. 161, 24 figs, and 1 map. Is, Gd, 

The need for books of reference on the crop plants of the various parts of the British 
Empire is obvious. The systematic '‘.Flora” is generally forthcoming, but this as a rule 
fails to convey the relative economic value of the species, and it rarely presents any picture 
of the relation to environment. Grasses are a formidable group because they require con- 
sideration from many points of view — taxonomic, morphological, ecological and economic. 
Few of the many books have done the grasses justict*. The herbarium specimen and the 
laboratory transverse section are too obvious in the more exact books, while the more 
popular are generally superficial. The living grass, its mode of life, habitat and economic 
value does not seem to be easy to express. The Grasses avd Grasslands of South Africa is 
in the first place ecological, and its perusal leaves a more satisfied feeling. It is one of a 
series of contributions by the author, which Ix^gan with a gcuieral account of the vegetation 
of Natal (1912), and each year has seen some addition which either extended the area under 
survey, or dealt more intensively wdth some plant formation. When the time came for a 
more detailed treatment of grasslands, the material r(>quired more than a Society’s Trans- 
actions, and this book is the result. 

South Africa has over 500 grasses, almost all unfamiliar in the north temperate countries. 
The preliminary part of the book is therefore a taxonomic key (40 pp.). This is based on 
floral characters and it is workable so far as one can judge from familiar spf‘cies. Simplicity 
is promoted by carrying the analysis in tlu' first instance to the genus only; a set of supple- 
mentary keys is provided for the remaining species. How much the genera differ from 
European ones is seen at a glance: Andropogon (.‘12 species), Aristida (24), EragrosPis (45), 
Panicum (38), Pentascliistis (38), etc. Ordinary European grasaan play a very minor part, 
the majority being colonists. To become acquainted with this large and unfamiliar flora, 
is in itself no small task for the author, who went from Britain to his presenf post about 
fifteen years ago. 

The third section of the book (37 pp.) consists of ecological notes on the principal 
species, to set forth the principal facts that have been ascertained, regarding the part 
played by all the more important species in the grassland plant succession, and also by 
means of selected examples, to illustrate the general differences which are shown in mor- 
phological characters, and particularly in leaf anatomy.” In estimating the value of a 
grass as herbage, emphasis is laid on leaf structure. Thus a grass which is forced to protect 
itself against excessive transpiration must be hampered in photosynthesis, hence xerophytic 
grasses, with some exceptions, grow slowly and are less valuable pasturage than meso- 
phytic grasses. Again, xerophytic grasses have generally a high proportion of sclerenchyma, 
hence they are avoided by stock. The more important grasses are illustrated by about 
twenty figures of leaf anatomy. The ecological notes are informative though brief, so that 
one sees at a glance that Anthistiria imberhis is the most important grass in South Africa, 
whereas Marram grass is planted only. Information is also given whether the grass is a 
coloniser in the early stages of a succession, or a constituent of one of the later stages. 

These preliminary sections prepare the way for the main thesis— “A general sketch of 
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the Grasslands of South Africa and their development"’ (50 pp.). The nomenclature used 
is that of F. E, Clements in “Plant Succession,” reviewed in this jouRNAL. ( 4 , pp. 198- 
204, 1916). Five grassland regions are recognised and indicated on a map: the Cape 
region passes northwards into the Karroid Central region, nnd this again into the Sand 
Veld or Kalahari region; the remaining two regions are broad zones following the wc^stern 
and eastern coastsh 

South-western or Cape region of Fyyihosch {MaccMa). This is the region of Marloth’s 
‘‘Das Kapland,” with extensions eastwards at higher altitudes. The winter rainfall and 
di*y summers are unfavourable to grassland, though 200 species of grasses are rec^orded. 
The lithosere is extensive, and is followed by th(‘ xerosere with mosses and isolated llowering 
plants. Accumulation of soil is accompanied by a Macchia with hundreds of species of 
sclerophyllous shrubs. The grasses are temperate in type, with the Aveneae conspicuous 
and including Achneriay Penlaschistis^ etc.; a large proyjortion are endemic. The 

hydrosere is related to springs and stream banks, habitats favourable to grassland in 
northern temperate countries, but here in the ( 'ape region too unstable and liable to drought 
to favour grassland. The psammosere of the extensive coastal dunes is (colonised mainly 
by Sporoholus p ungens or by Eragrosfis spp. The general succession everywhere is towards 
a Macchia of 8cl(;rophyllous shrubs. Xumerous riuh'ral grasses, etc., mark the initial stag(‘s 
of a sub-sere, which is naturally r(‘placed by Macchia, but under the influence of man 
burning, stock-grazing, etc. — this may become ndativtdy stable, as on ostrich farms. 

The Western region extends from the Xainib northwards towards Damaraland, and is 
largely unexplored. It begins in tht^ south-west with initial stages of the desert which 
rarely attain to grassland, but northwards it passes intt) a moister an<l troj)ical climate 
where grassland increases. 

The Sand Veld of the Kalahari and Central region. This is the third r(*gion of the ctntral 
series, Cape, Karroo, Sand Veld, it (‘xtends from th(‘ Orange River to Bechuanaland, and 
abuts on the eastern region about Kimlx'rley. The flominaiit feature is sand or fixed sand 
dunes with no surface watei-, because the Rui to twelve inches of rainfall passes quic’kly 
into an underground drainage. Aristida. \^eld charaeterises the south-western drier parts, 
but with increasing rainfall eastwards there is a transition to the High Veld grassland of 
th(:‘ Transvaal and Natal. The Sand V(‘ld links up th(‘ Western, Kaiioo, and Eastern 
regions. It presents a contrast to the ('ape region because the grass trilxvs ar(' tiopical and 
sub-tropical Paniceae, Stipeae, Andropogoneae, etc. Tlu* Grass Veld in many places ])ro- 
ceeds to IVee Veld with Acacias, etc. 

The Karroo and Karroid Central region, f’his lies central to the other four regions, and 
marginally it grades into them. The climate is continental and dry (,‘1 14 in. rainfall). 
The dominant vegetation is a succulent and sclerophyllous dwarf shrub type, made up of 
( Vassulaceae, Aizoaoeae, and.Compositae. There is no (h^finite grassland type, excej)t ^uch 
as follows streams and depressions, and this is subject to considerable fluctuation, increasing 
with rainfall and decreasing with drought. Between the Karroo and th(‘ Eastern Grass 
Veld there is a transitional belt where Karroo and Composite Veld occur as patches inter- 
spersed with grassland. The Karroo vegetation follows soils with the surface dry and 
hardened, and this condition is extending eastwards because through overstoc'king the 
grasses are eaten out, and the stock-tracks tend to become dongas which encourage tht‘ 
run-off of water and thus promote a baked surface. The succession on this xerosere shows 
three stages which may be taken as typical. In the early stages K week -grass {Cynodov 
incompletus) is one of the more widespread eonsoei(‘s which often forms a })rostrat(^ turf, 
useful for grazing. This is followed by an associes distinguished by Arisfida— Eragrosf is— 

^ Cf. Bewt, J. W. “The chief Types of Vegetation in South Africa,” this Journal, 4, 
pp. I29--169, 1916. 
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Sporoholus, which passes under suitable conditions into a climax stage, the Anthistiria- 
Andropogon Veld, one of the characteristic types of the Eastern Grassland region. Better 
grazing is obtained from the Anthistiria or Red -grass, than from the Aristida type, but the 
farmers by burning and overstocking destroy the former, and throw the succession back 
to the earlier and less useful stage. Another succession has its climax in “Haas-gras” Veld 
(Danthonia purpurea). There is evidence that this has replaced the Red-grass veld as a 
result of the white settlers and their stock. 

The Eastern Grassveld region. This, the chief grassland region of South Africa, includes 
most of the Orange Free State, Transvaal and Natal. It is a climatic formation distinguished 
by summer rainfall and a dry period coinciding with the season of lower temperatures. 
Within this greater formation there are well-marked and extensive divisions, even in the 
grasslands. Two main factors operate to bring about differentiation: the distribution of 
the rainfall, and the rapidly increasing altitude from the coast to the mountains culmin- 
ating in the Drakensberg. "Jbe chief features of the region have already been described by 
Bews, and reviews of them in this Journal may be consulted^. The rain-bearing winds 
come from the Indian Ocean, and deposition takes place so that the slopes and terraces 
(High Veld) receive more than the valleys of the river systems (Low Veld). These two 
types of grassland — High and Ix)w Veld — make up most of the area. A coastal grassland 
from Durban northwards has more tropical conditions, while beyond the Veld formations 
a tussock grassland is developed at higher altitudes on the* Drakensberg, etc. The author 
has evidently found the same complexity in delimiting grasslands as is met with in other 
grassland countries. The present book affords an opportunity of testing the x alue of the 
successional mode of study, and the results are distinctly helpful. Thus wxj have separate 
studies on the succession in the xerosere, the hydrosere, and the psammosere. The xcroscre 
begins with initial stages: lichen colonies, Cyanophyceae, Mosses and Hepatics, Selaginelki, 
etc. The initial grassland consists of pioneer grasses; (chiefly species which are xerophytic, 
deep-rooted, and light- demanding, e.g. Aristida spp. There is thus a similarity between the 
initial stages of the Eastern grassland, and the climax stages in the Western and Karroo 
regions, as already indicated. Aristida — Eragrostis — Sporobolus and Cynodon or Kweek- 
grass, are prominent genera in these initial stages. The climax stages of stable grassland 
begin when grasses, mostly Andropogoneae (e.g. Anthistiria imherhis) appear. These are 
less xerophytic and form mats which protect the surface of the soil and at the same time 
suppress the pioneers. The climax stages include many plant societies and clans, including 
Compositac, Leguminosae, etc., which distinguish and add considerably to the vernal 
aspects that accompany the first rains. 

The Grassveld is a widespread climax stage, but there is evidence that on parts of the 
High Veld, the succession will go on to forest or post-climax grassland. The first stage is 
replacement of Andropogon^ Anthistiria Veld by taUer species. of Andropogon^ etc. (“Tam- 
bookie”). In the transition to forest, these give place to shrubs or other flowering plants, 
in places to Pteris aquilina. The forest phase includes Podocarpus (yellow- wood), Leucosidea^ 
or it may be Bush Veld or Thorn Scrub. From the stock-grazing outlook this transition to 
Tambookie or Bush is not advantageous, and the succession is prevented by burning the 
coarser grasses, thus maintaining the Anthistiria stage. 

Economic applications are dealt with in a special section, which contains the nucleus 
of an important branch of Agrostology. One important thesis is that the effect of grass- 
burning depends on the type of grassland, and on the stage at which the plant succession 
has arrived. If the grass veld is primitive or semi-open, burning prevents the succession 
from proceeding further: thus a less useful grassland (e.g. Aristida— Era^grostis-Eporo- 

^ (a) “ The Vegetation of Natal” (1912), this Journal, 1 , p. 76. 

(6) “ An Ecological Survey of the Midlands of Natal ” (1913), idem 2 , p. 206. 
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holxis) may be prevented from becoming a better type, although for the current year burning 
may improve the edible qualities of the grasses. If the grass veld has proceeded further 
towards a more stable type (Anthistiria stage), then burning will tend to throw back the 
succession to an earlier stage, probably less useful, but careful grazing will maintain the 
better herbage. Should the Veld show indications of passing on to the rougher herbage 
of “Tambookie,” then burning is required to check this and to maintain the Anthistiria 
stage. Grass- burning also increases the vernal plant societies, thereby adding to the colour 
effects; but this does not improve the grazing. 

Grazing by stock also influences the herbage. An immediate effect follows on the 
selection of the finer grasses, which leaves the surface more exposed and favours extension 
of the more xerophytic species. A less obvious effect results from trampling of the soil, 
whereby the texture of the surface is deteudorated, and along trac^ks the lun-off of water 
leads to formation of channels. The general result is to promote conditions favourable to 
pioneer and ruderal species, rather than the more stable types. 

Within an abstract it is possible to indicate only a few main topics, in the present case 
plant succession has received attention. This may give the impression of vague references 
to a few outstanding genera, but tlu' book itself must be used to fill up specific names, 
and to amplify the constituent species of the various plant societies. Again, th(^ book is 
almost limited to grasslands, thus giving a somewhat one-sided outlook which recpiires 
compensation by reference to tin* author’s earlier contributions on forest, bush and other 
plant communities. 

W. G. Smttu. 

NOTICES or PUBLICATIONS OF GENERAL 

BEARING 

THE PRACTICAL VALUE OF ECOLOGK^AL RESEARCH 

Hole, R- S. ‘‘Plant Oecology and its bearing on problems of economic 
importance in India,” Presidential Address to the Section of Botany, 
Asiatic Society of Bengal. Journ. and Pror. Asiaf. Sac. Bengal, 14 , 
1918, pp. clvi-clxvii. 

Cockayne^ L. “ The importance of plant ecology with regard to agri- 
culture.” New Zeala/nd Journ, of Science and Technology, 1918, pp. 70-74. 

Mr Hole’s address brings out very clearly the great importam^e of ecological research to 
practical sylvicultural and other problems of land utilisation in India. Specific problems 
are cited, and the progress made towards their solution described. Thus we have the lack 
of adequate rejuvenation in the valuable Sal (Shorea robusta) forests of Dehra Dun and other 
parts of India. This has been shown to be due in some cases to lack of soil aeration (see 
notice of the author’s work in present issue of the Journal, under “Soil Aeration, p. 89), 
and in other cases primarily to drought. These two factors, however, interact, because 
on badly aerated soils the seedling roots are unable to penetrate during the rainy season 
below the top six inches of soil, and it is this top layer of soil which is dried out during the 
dry season, kiading to the death of the seedlings. Lac^k of rejuvenation in teak (Tectona) 
forests is due to shading and the fire protection which prevents the opening of the forest 
to sun heat. The seeds appear to require a higher temperature for germination than they 
can get under these shade conditions. In 1911 it was shown that given types of soil naturally 
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bear parallel forest and grassland plant communities in India, just as in Britain^, and this 
ecological fact is obviously an important guide to the choosing of land suitable for afforesta- 
tion with given types of forest, and to the treatment required for the successful establish- 
ment of the forest when planted. Other problems of immediate practical importance to 
Indian forestry are the conditions under which various fungi attack the trees. In the case 
of root fungi like Polyporus shoreae^ which attacks the Sal, and Fow.es hiridus, which attacks 
Dalbergia sissoo, it is probable that defective aeration of the soil renders the roots of these 
trees peculiarly liable to the attacks of their respective parasites. It is particularly signifi- 
cant that the worst attacks of the Fomes occur in certain irrigated Punjab Sissoo plantations 
and of the Polyporus in the wet Sal forests of Bengal and Assam. The attacks of Trameies 
Pini on the Blue Pine ( P. excelsa), which were at one time suspected of taking place through 
the roots, have been shown to be confined to wounds on the stem, and hence the fungus is 
prevalent only in those forests where lopping the pines for fuel or manure is a common 
practice. In the case of the ‘‘spike” disease of the Sandal {Santalum album) which is 
marked by local accumulations of carbohydrates in the leaves, and apparently allied diseases 
of other plants, it is suggested that the disease is a pathological condition determined by 
inadequate water supply or a similar factor, and experiments to settle the point are in 
progress. 

It is clear that the problems involved in the cases cited concern the mycologist, the 
physiologist and the ecologist — often involving the work of all three. The importance of 
studying fungi in order to combat their attacks intelligently is now pretty generally recog- 
nised, and mycologists have been appointed by many governments and private corpora- 
tions, But it is by no means generally recognised that the work of the physiologist and 
of the ecologist are equally essential if the problems presenting themselves are to be suc- 
cessfully coped with, so that practical action may be based on a thoroughgoing scientific 
knowledge of all the factors involved. In actual fact ecological problems generally lie at 
the root of the whole matter, as the author clearly shows, and in their own interests govern- 
ments should appoint forest officers whose duty is to study in the first place the ecology 
of their forests, as well as mycologists and “practical” foresters. The “practical” sylvi- 
culturalist, it is true, often hits on an empirical “remedy” for the particular troubles he 
encounters, but in the absence of thorough scientific study he is very liable to attribute a 
result to a wrong cause (as for instance the lack of reproduction of a particular species of 
tree under shade conditions to the absence of light, when the true cause is defective aeration 
of the soil) and thus to be unable to apply his “remedies” discriminatingly. 

The value of an ecological consideration of practical problems is not, of course, limited 
to forestry. As the author shows, a satisfactory study of the best method of exploiting 
grassland, whether for grazing or for paper-making, at once raises problems which require 
the ecological outlook for their proper solution. And the same applies to agriculture. 

Dr Cockayne brings this out very clearly in the second paper cited above. He points 
out that “the yield of meat or butter-fat per acre is primarily a matter of the plant-covering 
of the farm,” that “facts based upon the study of a virgin vegetation and on that of an 
artificial or modified vegetation are of equal value, the same laws governing both,” and that 
“the ecology of virgin land is, then, the ecology of the farm, except that on the latter man 
can purposely alter the conditions to which the plants are subject in order to increase their 
economic efficiency.” He concludes that “agriculture is neither more nor less than applied 
plant and animal ecology.” 

Now this conclusion is indubitable, but what those concerned with practical problems 
— ^farmers, local authorities and state governments — want to know, is not whether such a 
statement is theoretically true, but whether the actual investigations being made by 

^ Indian Forest Memoirs. Bot. 1 , 1911; Types of British Vegetation^ 1911. 
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working ecologists at the present time are likely to be of actual value to the farmer. 
Dr (yOckayne points out that his own and Mr Foweraker’s work on the succession of plant 
communities on shingly river beds forms th<‘ natural starting-point of work on the tussock 
grassland — true sheep country — produced as a result of the process, and that this might 
be made to show the wool- producing (japacity of the tussock grasslands and how they cnuld 
be improved. The author shows that there is still much ignorance* concerning the actual 
relation to sheep of the mixture of races known colle(!tiv(‘ly as Pon cx)lenmi; and that even 
the life-histories of the two principal New Zealand tussock -grasses, Fesluai novae-zealavdiae 
and Poa caespifom, arc* unknown, not to mention the* effects of burning, under- and ovci- 
stocking, and so on. Here is plenty of work for New Zealand ecologists, and we suggest that 
it would be a very good plan to turn some of them on to problems such as these which 
directly concern the farnun* and thus demonstrate to the latter, in the most unmistakeable 
way, the practical valuer of ecological research, by sliowing him how he can produce more 
wool. A few years of this sort of thing might produce an agitation among the farm<*rs to 
have (‘cologists appointed to watch their farms. 

Tn regard to dune culture Dr Cockayne shows that in tlie treatment of the New Zealand 
dunes empiricism is quite out of pla(*e, and that each type must be studi(*d ecologically on 
its ow?i account, till “rules for dun<* (Uiltiirc* c^an be drawn up for the benefit of agriculture. 

M(*anwhilc there are signs of recognition on lh(* part of stab* authorities. Wt? learn that 
the Minister of Agriculture of tin* Cnion of South Africa has appointed an Advisory Com- 
mittee for th(* Botanical Survey of the Union. The Committer* includes such a well-known 
(ecologist as Prof(*ssor J. W. B(‘ws of Pietermaritzburg, whose* book on The (rrasses and 
(trasslan/ls of South Africa, an exerellent (‘xample of the practical value of ecological work, is 
reviewed in the pres(*nt number of this,IouKNAL (p. 84), and the Survey wdl lx* under the 
dir(*ction of Di Pole* Kvaiis, Chief of the* Division eif Plant Pathology and Botany of the 
Departmetit e)f Agriculture. Pre)fe‘sse)r (!e)wles\s paper (s(*c‘ y). 120) read at the last meeting 
e)f the* E(;e)le)gie*al Se)cie‘ty e)f AnH*rie*a re*(rords the lK*ginning e)f a systematic Forestry Survey 
of the State* of Illinevis along (*ce)logi(‘al line*s, whie*h is not only to record the extent a.id 
eu)my)ositie)n of e*xisting foie'sts but te) advise on the* reservation of natural history y^reserves 
and to determine* are*as which shoulel l)e* afforestvel or refor(*ste*d. 

Thus is ecology graelually beginning to come into its own. 

STUDIES ON SOILS 

Soil Aeration 

Howard, A. “Recent Investigations on Soil Aeration. Part I, with special 
reference to agriculture.” Indian Forester, May, 1918, pp. 187-202. 

Hole, R. S. Ibid. “ Part II, with special reference to forestry,” pp. 202-212. 

The soil atmosphere is a subject which is clearly of great importance to plant ecology, 
first because it conditions the resj)iration of the roots of the highei’ plants, and secondly 
because it partly conditions the life activities of the soil micro-organisms, both aerobic and 
anaerobic, and these in their turn alter the chemical composition of the soil and thus 
influence the food of the higher plants. It is obvious that a loose coarse-textured soil will 
allow of freer gaseous diffusion between the soil interspaces and the atmospheric air than 
a firm fine-textured soil, and the behaviour of roots in sand and clay respectively show 
that the sand is better aerated to a greater depth. Hunter showed that, in the case of cress 
and wheat, root development varies directly with the looseness of texture of the soil in pot 
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experiments^. But though botanists have long been familiar with these general relations 
comparatively little exact quantitative work has been done on the subject until quite 
recently. 

The top six to twelve inches of soil on ordihary arable or pasture land has pore spaces 
forming ten per cent, of its total bulk, and the air in these spaces does not greatly differ in 
composition from atmospheric air. The oxygen content is somewhat less, say 18-5 to 20‘5 
per cent., and the GOg content generally markedly higher, varying fro'm *01 to 3 per cent., 
as compared with 21 per cent, and *03 per cent, in the atmosphere. After heavy manuring 
with dung, or if the air is cut off by surface accumulations of water, the percentage of oxygen 
falls and that of COg rises. Grassland soil atmosphere is also richer in COg than that of 
arable land, and poorer in oxygen^. 

The interpretation of this condition is that the diffusion of air into ordinary well- 
cultivated soils is sufficiently rapid to maintain the gases of the soil atmosphere in nearly 
the same relative proportion as that in which they exist in the air, unless the plant roots 
and micro-organisms are taking up oxygen and giving off COg at an exceptionally rapid 
rate. Thia is brought out very clearly in one of the curves given by Russell and Appleyard'\ 
which shows that on dunged but uncropped land the percentage of OOo rises steadily to 
July, the period of greatest heat, the rise being presumably due to the activity of the micro- 
organisms, conditioned by temperature. On dunged land under wheat, on the other hand, 
there are two maxitna, one in May when the plants are developing most rapidly, and the 
other in August at the time of the ripening of the grain. The former can be readily ex- 
plained by the respiration of the rapidly growing roots, but th(‘ second rise has not been 
completely explained. Howard suggests that it may be partly due to the fact that the 
finer roots begin to die and decay after flowering is over, but this does not explain why 
wheat will not ripen properly if soil aeration is intertered with, a fact of experience in India. 
Thus in Northern India, where the soil is a fine alluvial silt, whose surfax^e easily “crusts” 
as a result of irrigation and subsequent baking under the hot sun, it is found that while a 
second irrigation generally increases the crop yield, a third actually depresses it. At Quetta, 
where wheat is often irrigated six times on account of the dryness of the climate, the crop 
shows all the symptoms of poor soil aeration and dries up rathfT than ripens. The same 
factor is probably the cause of the slow ripening and bad filling of the barley grown on 
stiff soils in England. Similar effects are found in tobacco and cotton cultivation in India, 
the best results being only obtained where the soil aeration is above the average. 

Hole shows that Sal {Shorea rohusta) seedlings are readily killed when growing in a 
water-retaining soil, such as loam or leaf mould, in non-porous glazed pots, either by stop- 
ping up the drainage holes at the bottom or by covering the soil surface with a layer of 
dead leaves and thus decreasing evaporation. Germination and seedling development aie 
also poor in the shade of the forest during the rainy season, and can be improved by felling 
strips of forest and letting in light and air. The effect is not however due to shading, since 
seedlings in pots of sand develop perfectly well in the same shade. The first symptoms an^ 
the blackening and death of the root tips, spreading eventually to the whole root system. 
The leaves at first remain healthy but eventually turn pale and droop. These symptoms 
occur when the soil is far from being saturated with water and there is still plenty of free 
air space near the roots. Water culture experiments show that the roots of Sal seedlings 
grow perfectly well when air is allowed access to the culture solution. But water held in 
contact with forest loam becomes heavily charged with COg (for instance, they show in 

^ Hunter, C. “Some observations on the effect of soil aeration on plant growth.” Proc, PhiL 
JSoc. Univ, Durham, 4 , 1912, pp. 183-186. 

2 See HuMell, B. J. Soil Conditions and Plant Growth, 1917, p. 142. 

3 Journ. of Agric, Science, 8 , 1917, p. 386 (noticed in this Journal, 8 , p. 231). 
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nineteen days a rise from 5 to 163 mg. per litre) and also decreases in oxygen content 
(4*8 to 1*2 mg. per litre in the same period) apparently owing to the activity of soil organ- 
isms. By bubbling COg tlirough culture solutions in whicii 8al seedlings are growing Hole 
found that a concentration of 500 mg. per litre blackened and killed the root tips, whoso 
appearance resembled that of seedling roots grown in badly aerated soil. This is a con- 
centration very much above that found in percolation water from soil in which the seedling 
roots were killed, but it is believed that the local concentration of the gas in soil water 
may reach much higher figures. Further, the deficiency of oxygen which ac(;ompanies the 
increase of COg almost certainly co-operates in the result, ((-f. Kidd’s experiments in which 
to 12 per cent. (X)o inhil)ited the germination of seeds with 5 |)(‘r (;ent. of oxygen present, 
while 20 to 25 per cent, were requinnl with 20 per cent, of oxygen. Ann/ of Hot. 31 , 1917, 
p. 457.) 

It is shown by Hole that the texture of the soil is an important factor. Thus the root 
development of Sal seedlings is very much better in coarse than in line loams, and Sal does 
not flourish in I'cally wet forests except where the soil is sandy or gravelly. Marriott has 
ascribed the poor growth of older trees to deficiency of soil aeration and suggests that 
during tht‘ wet season the trees iriay practically cM^ase to grow', whereas with proper 
aeration, growth ought to be most active during the rains. 

Hole makes the interesting sugg(?stion that the w^ell-known toxic effect of grass roots 
on fruit trees established by Pickering may be due to the carrying down of the abundant 
produced by the densely mattc'd fin(‘ glass roots to the roots of the trees, and calls 
attention to Pickering’s statement that the toxic (‘ff(‘ct of the percolation water disappears 
when the water is expexsed to the air for twenty-four hours. He also suggests that the evil 
eflect on plants of soils rich in organic matter in which protozoa have accumulated in 
large numbers may be* lii'ought about by tin* (‘Ifc'cd, of the CO 2 produced by the protozoa 
on the roots of th(‘ plants. 

1’h(‘ results of the resea rcdies briefly d(\scrib(‘(l above imay be* recommended to the 
attention of ecolcjgists who arc* studying the soil factors of various plant assocnations. 
Cannon and Free* (see this rlouRNAi-, 5 , p. 127) eonsiden- that the zonation of vc^getation 
round the di-y lake basins of thc^ arid regions in the* I’nitcd Statens and its absence in the 
bottoms of the basins arc' possibly correlated with the different aeration requireTnents of 
the different specie's, and the same factor may well be important in our wet moorland, 
salt marsh, and similar habitats. Jefleries^ showed lliaf on moorland near Huddersfield 
Molinia coeruiea (^olonisc'd positions — streamsides and “flushes” — in which its roote would 
pix^sumably obtain mori^ oxygi'ii than they would on stagnant moorland occupied by 
Eriojjhorimi vaginat am , but he did not attempt to separate this factor from the acidity of 
the soil. We want more experiments in growing ‘‘key” plants like Nnrdns^ Mohnia and 
Eriophoram under controlled conditions in relation to thesii factors, as well as practicable 
field tests for roughly (‘stimating the oxygen and (X).^ contents of soil waters. 


Palaeozoic Soils 

Robinson^ Qilbert Wooding. “Studies on the Palaeozoic Soils of North 
Wales.’’ Journ. Ag, Science, 8 , Part 3, pp. 338-384, 191()--17. 

A detailed field and laboratory study of a number of typical soils derived from the 
weathering of palaeozoic rocks in the counties of Anglesey, (Carnarvon and Denbigh, in- 
cluding also those derived from the w^eathering of local glacial drift and the associated 
sandy, alluvial and peaty soils. The soils were found to differ, not only genetically, but 
also in their properties and constitution, from soils hitherto studied in this country. 

^ This Journal, 3 , 1915, p. 93. 
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Apart from blown sand, alluvium and poat, the soils are grouped as Anglesey Medium 
Loam (derived from Precambrian metamorphic gneisses and schists), Palaeozoic Silt Loam 
(derived from Silurian and Ordovician shales and flagstones), and Carnarvonshire Stony 
Loams (a variable series of gravelly or stony medium loams formed of material scraped down 
from the mountains by local glacial action). All these soils are of a loam texture, the (flay 
fraction rarely exceeding 7 to 10 per cent., though with the high rainfall the heavier ones 
present to the cultivator the difficulties of clays. When reasonably dry they are easy to 
work. The silt fraction is high, but even the fine silt does not contribute to the plasticity 
of the soil, as was shown by removing the clay fraction from a silt -clay glacial soil, when the 
plasticity was reduced to nil. If plasticity be attributed to tht^ presencio in soils of hydrated 
colloids, the general absence of plasticity in these Palaeozoic soils could be explained by the 
general metamorphism ('Vregionar’ in the (rase of the old Palaeozoic sediments) resulting 
in the destruction of the colloids present in the original muds and clays. Another character- 
istic of these soils is the remarkably high proportion of fine gravel, usually by far the 
smallest fraction except in the case of sands. 

An important feature is that the coarser fractions mainly consist of undecomposed parent 
r(X5k and therefore show a higher percentage of alumina and ferric oxide and a lower per- 
centage of silica than do the coarser fractions of English soils: the fine fractions also show a 
higher percentage of alumina and ferric oxide than do those of English soils. It is suggested 
that the more siliceous the parent rock the larger are the particles with the highest silica 
content. These soils form a class similar to Ramann’s Steinboden, consisting of but slightly 
decomposed rock fragments. Potash is fairly high, phosplu^ric oxide not low, organic matte]* 
high, and lime very low. 

Ecologists have long r(K?ogniaed that the obvious differences between the soils of the 
mountainous palaeozoic regions of the W(^st of Gr(*at Britain and those of the hills and low- 
lands of the rest of the country might be i)artly responsible for the diff(‘r('nc(‘s in nativt*. 
vegetation. The c()inciden(;e of a corresponding diffi^nmee of (flimate however iimders the 
separation of the edaphic and climatic factors diffi(nilt. Mr Robinson’s work affords welcome 
data from Mfliich a start might be made towards a solution of this problem. 

Chemical Work on Soils (M.C.R.) 

Russell^ Ea. J. and Appleyard^ A. “The influence of Soil Conditions on 
the Decomposition of Organic Matter in the Soil.” Journ, Ag, Science, 8 , 
Part 3, p. 385. 

The biochemical decomposition of plant residues and other organic matter in the soil 
is of fundamental importance for soil fertility. Theses changes have been studied extensively 
in the laboratory, but there has as yet been little work in the field on the relation between 
bacterial activity and the extent of the change. Dr Russell and Mr Appleyard have made 
a prolonged study extending over three seasons of the changes taking place in a single 
plot and have estimated how far, and in what way, the rates of decomposition can be 
related to the changes in bacterial numbers. The method adopted was to determine the 
changes in bacterial numbers, in nitrate content of the soil, and in CO 2 content of the soil 
air on five different plots at frequent and regular intervals. 

They find that there is sufficient resemblance between the curves for bacterial numbers, 
CO 2 content (except for a period on cropi)ed land) and amount of nitrate to justify the 
conclusion that they are all related. 

The biochemical decompositions in the soil are determined, as might be expected, in 
the first instance by the temperature, and do not proceed to any notable extent below 
5 ^ 0. As soon as the temperature rises action begins rapidly, but soon slows down as other 
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factors begin to operate. Moisture and rainfall are shown to be important factors, especially 
the latter, and it seems probable that the dissolved oxygen carried down in rain has an 
important effect on bacterial activity. The growing crop exerts a depressing effect, though 
whether by using up oxygen, by giving out CO 2 or by some other action is not clear. 

The paper is accompanied by a number of excellent graphs. 

Stewart^ Guy R. ‘‘Effect of Season and Crop Growth in Modifying the Soil 
Extract.” Journ, Agric, Research^ 12 , No. 6, p. 311. 

The author of this paper gives a comprehensive historical review of earlier work on the 
water-soluble material of soils. He draws attention to the contradictory nature; of the 
results of such work and defines as the subject of his own investigation: (1) the relation- 
ship between the soluble soil nutrients in cropped and uncropped soils; (2) the relationship 
between the soil extract and the crop produced thereon. 

All the experimental work was done on fresh soils, a uniform procedure of extraction 
being adopted, and the author considers that the fluctuations observed in the water 
extract reflect actual changes in the soil solution. Of the conclusions drawn the following 
may l)e specially noted : 

1. Notable differences were observed between the amounts of nitrates, calcium, 
potassium and magnesium j)res(‘nt in th(^ water extia(;ts from croppefl and uncropped 
soils. 

2. The phosphates did not (‘xhibit corresponding differences. Great dissimilarities in 
[)hosphate content w(ue observed in different soils, but in any one soil the amount was 
y)ractically constant in both cio})fH‘(l and uncropped plots. 

3. Striking differences oc(;urr(‘d between the soluble nutrients present in the various 
uncropped soils. 

4. The three poorest soils yielded the smallest amounts of water-soluble nutrients 
and the smallest ditferences between the cropped and uncropped duplicates. This last 
result is notably at s ariaruH* with th(‘ earlier statements of Whitney and Cameron (Ib0:{). 

5. By comparison with fr(‘(‘zing-point determinations the (‘oncentration of the soil 
solution calculated from the water-extract was shown to be from two to four or five times 
as great as that of the actual soil solution. From the results of freezing-point determina- 
tions it is concluded that variations in the water-(‘xtract reflect actual changes in tin* soil 
solution. 

The inclusion of a large numlx'r of graphs showing seasonal variations in the. amounts of 
cakuiim, potassium, magnesium, nitrogen and phosphate in water f'xtracts of the soils 
8tudi(^d’ and an unusually (;omprehensive bibliography give this |)aper an additional value 
for purposes of ref(Menc(‘. 

Hutchinson, R. H. Soil Acidity as Influeiu;ed by Green Manures.” Journ, 
Agric. Research, 13 , No. 3, p. 171. 

Experiments reported in recent years have shown that soils of experimental plots treatcal 
continuously with artificial fc’rtilizers in which the nitrogen is supplied as ammonium 
sulphate become acid in r(*action, and that the cro})-yields of such soils fall off in pi’o- 
portion to the degree of acidity. It has also been shown that such soils can be brought ba(;k 
into normal bearing by the addition of lime or limestone in sufficient quantity to neutraliz(^ 
the acidity. Using soil from an experimental plot already acid fioni the' addition of artificials 
containing ammonium sulphatt‘, experiments were carried out to determine changes in 
acidity due to the addition of fresli green manures. T}k‘ results of such experiments showed 
in general that fresh green manures ploughed into such a soil, at first redu(*e its acidity but 
finally leave it in a more acid condition. 
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They demonstrated also that, given suitable conditions of moisture, temperature, etc., 
nitrification goes on vigorously in such soils and that green- manured soils are rich in 
nitrates despite the soil acidity. 


Millar^ C. E. “Relation between Biological Activities in the Presence of 
Various Salts and the Concentration of the Soil Solution in Different 
Classes of Soil.” Journ, Agric, Research^ 13 , No. 4, p. 213. 

It has been shown that certain salts, present naturally in soils or added as fertilizers, 
have marked effects on their bacterial flora. The causes of such effects are at present 
incompletely known although it has been assumed that toxicity and osmotic pressure 
changes are probably directly concerned in them. 

The paper under consideration gives an account of experimental work bearing on these 
problems carried out at the Michigan Agricultural College Experimental Station. Three 
soils of widely different type were selected and the degree of biological activity estimated 
by determining the rate of ammonification of dried blood. Experiments showed that the 
effect of different salts was greatly modified by the nature of the soils to which they were 
added, and also that the addition of dried blood has an appreciable effect on the osmotic 
pressure of the soil solution. On the basis of these experiments it seems improbable that 
osmotic pressure is the governing factor in variation of biological activity in soils, in so 
far as this is related to constitution and concentration of the soil solution. 


Plummer, J. R. “Studies in Soil Reaction as Indicated by the Hydrogen 
Electrodes.” Journ, Agric, Research, 12 , No. 1, p. 19. 

During the last few years a voluminous literature has accumulated dealing with the 
subject of soil reaction. 

The significance of the terms “true acidity,’’ “true alkalinity,” and “true neutrality” 
as used by the author is defined as follows: 

“Pure water dissociates into H and OH ions in equal concentration. The product of 
the concentration of these ions is a constant approximaUdy 1 x 10“"^^. When the H ions 
are present in a concentration greater than 1 x 10“^ the solution is acid; the presence of 
OH ions in greattT concentrations than I x 10“’ results in an alkaline solution.” Using 
a number of untreated soils in suspension it was found that the H ion concentration varied 
from almost “true neutrality” to rather excessive “true acidity.” With the Morgan 
apparatus for extracting film water from soils it was shown that the reaction of th^^ film 
water was the same as that of the free water, differing only in intensity. 

The effects of certain fertihzers on the H ion concentration of plots long- treated were as 
follows: 

1. Ammonium sulphate materially increases the H ion concentration and the acidity 
resulting therefrom often extemds to the subsoil. Acidity due to the use of sulphate of 
ammonia was more intense in the film water than in the free water of three soils. 

2. Nitrate of soda slightly reduced the acidity of the plots to which it was applied. 

3. Potassium sulphate increased the “true acidity,” but in less degree than sulphate 
of ammonia. 

4. Acid phosphate did not appear to affect the H ion concentration of field soils. 

6. Lime materially increased the OH ion conoonlration of field soil to which it was 
added. 
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Hoagland, D. R. and Sharp, I*. T. “Relation of Carbon Dioxide to Soil 
Reaction as Measured by the Hydrogen Electrode.” Journ. Agric. 
Research, 12 , No. 3, p. 139. 

The authors refer to their previous paper on soil reaction as determined by the hydrogen 
electrode (see Notice, this Journal, 6 , p. 232). In considering the effect of carbon dioxide on 
soil reaction an earlier investigator (Macintire, 1916) states that many acid soils when 
extracted with water saturated with carbon dioxide yield (ilkaline extracts and draws the 
following conclusion: '‘Since we admit that the soil solution is the medium through which 
a plant absorbs its mineral supply, we are compelled to conclude that a plant’s source of 
nutrition is almost always alkaline, but of varying degrees of alkalinity.” 

The experiments recorded in the present paper wer(? undertaken in order to obtain 
^ direct evidence on thc‘ influence of carbon dioxide on soil reaction, and may be briefly 
s u m m arized th u s : 

The H ion concentration of suspensions of acid soils is not markedly affected by iner(‘asing 
the content of carbon dioxide up to 10 per (;ent. The H ion concentration of slightly alkaline 
soils is slightly increased by such treatments. A notable increase in H ion concentration 
is observed when soils containing alkaline (iarbonates are similarly treated. 

Jt has not btieri found that any tre^atment with carbon dioxide can produce an alkaline 
reaction in the suspfaision of an acid soil. When the original conditions are restored, no 
permanent change in reaction could be attributed to tlu* carbon dioxide. The authors hold 
that their expei imental data can t)(‘ eff ectively appli(*d to field soils, assuming that the values 
found by Russell and Appleyard (1915) for carbon dioxide content of the soil atmosphere 
may be regarded as typical. Their conclusions are entirely at variance with those of 
MaeTntire quoted above as to the effect of carbon dioxi<le concentration on soil reactions. 


Hoagland, D. R. ‘‘The Freezing Point Method as an Index of Variations in 
the Soil Solution due to Season and Croj) Growth.” Journ, Agric, Re- 
search^ 12, No, 6, p. 3(>9. 

This is a study of the same soils as those used by Stewart (p. 93) in his investigations on 
the eff'ecd of season and crop growth on the soil extract, having in view the imi)ortance of 
correlating the data deduced from the use of soil extracts with those based on the actual 
soil solution in each case. The procedure consisted in determining the depression of the 
freezing point in the soil itself under varying moisture conditions, attempts to obtain an 
appreciable quantity of solution from soil containing the optimum amount of moisture 
having already proved fruitless. 

Such exi)eriments have considerable interest for the plant physiologist since they allow 
comparison between the osmotic pressures in nutrient solutions and those in the soil 
solution as it actually exists in the soil under conditions favourable to crop growth. The 
(‘xperimental results show that the osmotic pressures existing in the soil are those most 
favourable to the growth of barley in culture solution. 

It was found that in general the growth of a crop causes a marked diminution in the 
concentration of the soil solution, and also that soil solutions under conditions favour- 
able to plant growth are very dilute, especially at the height of the growing season. 

Certain general agreements between the extraction and the freezing-point methods 
are discussed. It may be pointed out that the results of Hoagland, like those of Stewart 
(loc, cit,)^ are in complete disagreement with the earlier views expressed by Whitney and 
Cameron on problems relating to the soil solution. , 
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Miller, C. P. “Inorganic Composition of a Peat and of the Plant from which 
it was formed.” Journ. Agric. Research, 13 , No. 12, p. 605. 

Comparison of the inorganic composition of a peat and of the material from which it 
was formed was undertaken in a case in which accumulation of the remains of one plant 
species only, viz. : Cladiurn effusurn (saw grass), was responsible for peat formation. As- 
suming that no silica was lost during the change, about seven parts of Cladiurn were required 
to yield one of peat. 

Based on this assumption it is calculated that the plant constituents were leached to 
the following extent: iron oxide and alumina 12-2 per cent., lime 24 per cent., magnesia 41 per 
cent., potash 96 per cent., soda 84 per cent., phosphoric acid 70 per cent., nitrogen 33 per 
cent. 

HUIb^ T. L. ‘‘Influence of Nitrates on Nitrogen-assimilating Bacteria.” 
Journ, Agric, Research,, 12, No. 4, p. 183. 

The importance of nitrogen for plant life can hardly be over-estimated, and this fact 
is well brought out by the almost innumerable investigations which have been made con- 
cerning the source of nitrogen for plants. The influence of nitrate nitrogen on various 
plants has been tht‘ controlling idea in many of these experiments and but little attention 
has been given to the effect of nitrates on the lower organisms, especially bacteria. 

It seems clear, however, that progress in the knowledge of soil-fertility depends on a 
study of the effect of nitrogenous fetilizers on the soil micro-organisms as well as on the 
higher plants. The action of fertilizers on the different groups of soil organisms, tht* relation 
of these Organisms to the higher plants, and recognition of the more important grou ])8 are 
some of the factors involved in the problem of soil fertility. The author of the paper 
cited records the results of an investigation into the effect of nitrates on soil bacteria, 
especially those concerned with the fixation of atmospheric nitrogen. Two distinct lines 
of investigation were pursued: 

(a) The influence of nitrates on Azotobactery with reference to growth of the organism 
in soil and its nitrogen -fixing powers. 

(h) The action of R. nulicicola on nitrates in solution, and tlu^ possible nitrogen-as- 
similating powers of the legume in the presence of nitrates. 

The following results may be noted : 

Azotohacter. The addition of small quantities of K, Na, and Ca nitrates caused a great 
increase in the number of bacteria in sterilized soil. K and Na nitrates caused an increase, 
Ca nitrate a decrease in the amount of nitrogen fixed by Azotobcwler on agar films. Under 
aerobic conditions Azotohacter assimilated atmospheric nitrogen more rapidly in the presence 
of nitrate than in its absence. 

B. radicicola. Small quantities of K, Na, Ca, and NH 4 nitrates increased the number 
of bacteria in soil. Under aerobic conditions the amount of atmospheric nitrogen fixed 
was not materially affected by the addition of nitrates. 

Extremely interesting results were obtained from a study of the influence of nitrates on 
the formation and re-formation of nodules on alfalfa roots. It was found that: (a) the 
presence of nitrates is detrimental to the formation of nodules by alfalfa; {h) the non- 
formation of nodules is not due to a weakening of B, radicicolay which grows vigorously 
in the presence of nitrates; (c) some reaction takes place between the plant root and the 
nitrates inhibiting formation of nodules; (d) nitrates in the soil prevent the re-formation 
of nodules once removed and cause a decrease in the number of those already 
present. 
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Gainey, P. L. “Effect of Paraffin on the accumulation of Ammonia and 
Nitrates in the Soil.” Journ. Agric. Research, lO, No. 7, p. 319. 

Paraffin wax has been widely used in the study of soil biology, soil fertility, plant 
physiology and kindred subjects, e.g. in the paraffin wire-haskel inathod of studying soil 
fertility; for supporting seedlings in culture solutions, etc. Paraffin oil has also been used 
in the separation of soil solutions (Giltner, 1913). The authors made use of the commercial 
preparation, Parawax, and subsequently of pure paraffin- wax in certain soil experiments 
and noticed a marked inhibitory effect on the accumulation of nitrates in the soil. Thes^ 
observations led to further investigations which showed conclusively that paraffin cannot 
be safely used in any investigations unless the microbial flora is absolutely under control 
as regards the species present. 

In experiments carried out by the authors the presence of paraflin, whether as wax, 
Parawax, or oil, completely inhibited the accumulation of both ammonia and nitrates in 
soil, whether the paraffin was mixed with the soil or only surrounded it. In soil to which 
cottonseed meal was added as a source of nitrogen, ammonia, and nitrates were rapidly 
formed in the presence of paraffin and as rapidly disappeared. Parallel with the disappear- 
ance of active nitrogen there was a disappearance of paraffin and an enormous dfwelop- 
ment of certain species of fungi. The disturbing effect is due not to an inhibitory effect of 
paraffin on ammonifying and nitrifying organisms, but to the rapid consumption of ammonia 
and nitrates by organisms stimulated by tlie presencc‘ of paraffin and for w hich it provides 
a source of carbon and energy. 

If nitrogen compounds wore not added to the soil, available nitrogen soon becomes 
the limiting factor in fungus growth. If ammonia sulphate or cottonseed meal were added, 
the cultures at the end of four wrecks’ growth appeared to be almost solid masses of white 
hyphae. 

It is maintained by the authors that their results offer a satisfactory explanation of the 
failure of the vnre-hasket method in the hands of some investigators, and discount the value 
of all results hitherto reported whcTe paraffin has been used in physiological or cultural 
experiments involving mixed cultures possibly containing organisms capable of utilizing 
paraffin in their metabolism. 


Soil Water (M.C.E.) 

Harris^ P. S. '‘Movement and Distribution of Moisture in the Soil.” Journ, 
Agric, Research, lO, No. 3, p. 113. 

Ever since agriculture has been the subject of scdenlific study, soil moisture in its 
various relations has been given a great deal of attention. In this papei’ wdiich presents 
the results of thousands of determinations an attempt has been made to throw" light 
on a number of the important phases of soil-moisture movements. Most of the results 
arc presented in diagrams which make relations more apparent than does the study of long 
tables in which the figures are so difficult to analyse that the rcadc'r seldoju sees more than 
the most apparent relationships. The paper includes a short account of the historical 
development of soil-moisture studies and a full bibliography of previous papers on the 
subject. The author summarizes his own experimental results midei- twenty-three heads 
but it is not possible to deal satisfactorily with these results in a brief notice. They were 
deduced ivom field studies on the effect of fallow% kind of crop, manure, irrigation water, 
surface mulches, cultural methods and seasonal conditions on the movement and distiibu- 
tion of soil moisture, supplemented by laboratory experiments to detcimim the effect of 
initial percentage of moisture, gravity, soil type, source of supply and other variables. 
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Alway, P. A. and McDole, G. R. “Relation of Movement of Water in a 
Soil to its Hygroscopicity and Initial Moistness.” Journ. Agric. Re- 
search, lO, No. 8, p. 391. 

The rate and distance of capillary rise of water in soils have been determined in many 
laboratory investigations, although, where the ground water is at a considerable distance 
below the surface, as is generally the case, these factors appear to be of little practical 
importance. On the other hand, the downward penetration of definite amounts of water 
has received very little attention. In experiments on both these subjects the soils have 
usually been employed in the air-dry state, a condition rarely met with in nature and in 
none of the experiments has the relative hygroscopicity of the soils been taken into account. 
In the paper under consideration the authors have considered the hygroscopicity — as 
expressed by their hygroscopic coefficients— the initial moistness of the soils, and have 
also determined the moisture- equivalents. Among other results obtained from experiments 
with seventeen soils, ranging from a coarse sand to a silt loam, it was found that the rate 
of penetration showed little dependance upon the hygroscopicity, but was definitely affected 
by the raoistness; the higher the initial moisture content of any soil within the limits 
employed, the more rapid being the downward movement of water. With the finer textured 
soils the water content of the moistened layer was not distinctly affected by the initial moist- 
ness, but with the coarser members the drier the soil the wetter was the moistened layer. 
Provided that a period of high evaporation is to precede the next rain, the character of the 
weather immediately following a rain will have a greater effect upon the loss of moisture 
by evaporation in the case of a coarse than of a fine-textured soil. It was also shown 
experimentally that the relative rates and distances of percolation in the different soils 

do not correspond to the relative rates and heights of capillary rise. 

/ 

CONCEPTS AND NOMENCLATURE OF VEGETATION 

Gams^ Helmut. Prinzipienfragen des Vegetationsforschung. Ein Beitrag 
zur Begriffsklarung und Methodik der Biocoenologie.” Vierteljahrsschr. 
d, Naturf, Ges. in Zurich, 1918, pp. 293-493. 

Dr Gams has come to the conclusion that synecological or, as he calls it, biocoenological 
nomenclature is in a hopeless muddle, and he aspires to clear up the mess by abolishing 
nearly all the old terms and propounding a new set. Many people have arrived at the same 
conclusion and not a few have had the same aspiration. But it is seldom that an advance 
can be made by wholesale '‘scrapping” and reconstruction. Organic growth, in this as 
in other spheres, is brought about by gradual change and adaptation. The fitness of terms 
is tested by continual use and in no other way. Thus the author wishes, as others have 
wished before him, to abolish “formation” and “association” on the ground that they 
have been and are still to some extent used in different senses by different writers. But 
the terms still continue to be used. They have come, it may safely bo said, to stay, because 
in spite of some differences of use they actually serve a useful purpose and correspond with 
necessary concepts. These concepts are gradually attaining greater clearness of form and 
will presently bo susceptible of something like precise definition. In the case of an exceed- 
ingly difficult and elusive subject like synecology (or biocoenology) this is the only possible 
history of terms and concepts. One could wish that writers on^the subject would cultivate 
a more vivid sense of reality in these matters. 

Meanwhile Dr Gams is a clear logical thinker, and contributes some incisive criticism 
and lucid discussion, which are well worth perusal, of various ecological conceptions and 
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descriptive terms. His main constructive suggestion in regard to concepts is that two types 
of units should be distinguished, the ecoJogical and the topographic, which are often con- 
fused and mixed. The former he calls synusia (the Greek equivalent of “associations"’) 
and distinguishes three grades: (1) where the independent components are of the same 
species, (2) whore the independent components are of different species belonging to the 
same class of life form and showing the same series of “aspects,” (3) where the independent 
components are of different classes of life form and show different series of aspects, but are 
united into an ecological unit in a single habitat by fixed correlation. Thus in a pinewood 
the trees of Piniis syU'estri8VfO\x\(\ form a .synusium of the first grade, together with ViscAim 
and Cnethocaiapa (the Processional (aiterpillar) living on the pines because they are not 
independent, but not including Slereodon on the trunks of the pines because the lichen 
grows equally well on rocks or on the earth. The Calluna and Vacciniuni growing on the 
floor of the wood with Hyprnmi Schreheri and Cladina would foi in a synusium of the second 
grade because they are different species but all independent chamaephytes. With Des- 
cliampsia fiexuosa and Melampyrum jyrafense a synusium of the third grade w ould be formed, 
because these plants belong to different classes of life form. This third grade of synusium 
corresponds roughly with the “ assoc; iati on ” of most authors. If all the habitat conditions 
of two areas within distinct floral districts are the same the life forms and aspects wdll be 
the same but the lists of spe^cic^s will be different. Syntisia showing these rtNsemblances and 
differences the author groups together as isocie^, for instance Mediterranean maquis and 
Californian chaparral, or the beech forest of the (‘astern United States and of western 
Europe. For the topographical unit Dr Gams adopts the w^ord “ biocoenose ” (introduced 
by Mdbius in 1877 and since used by various animal ecologists) wdiich we may transcribe 
biocoenosium or phytocoenoslurn for the ve^getation of any unitary habitat, which will 
include several and often many plant and animal synusia (ecological units) of the first to 
the third grade. Biocoenosia of different regions w^hich are compound(^d of isocies are called 
iisocoenosia , The author discusses the question whether a wood of definite type is to be 
considered a synusium of the third grade or a phytocjoenovsium, and decides in favour rff 
the latter alt(Tnative, i.e. that a w^ood is a topograpliieal not an ecological unit, on the ground 
that no spc^cies of the ground flora is confined strictly to one kind of wood, and that a 
ground species may not only occur in any wood in which the shade is approximately of 
the same degree but may also be found in eaves and under overhanging rooks where the 
light is of the same intensity as in a wood. Similarly most meadows, and also fens and 
moors, are to be considered, according to the author, topographical rather than ecological 
units. 

The author rejects the attempt to classify vegetation units on ” dynamic” lines. He is 
particularly scornful of Clements’s conception of the formation as an organism with a 
definite devedopment, and hardly less so of that author’s detailed scheme of classification. 
It may be admitted that the comparison with the development of an organism may bo 
carried too far; there are certain features in which there is a correspondence and there arc 
others in which there is no correspondence; but in r(;gard to Clements’s concepts and 
nomenclature as developed in Plant Succession it is noteworthy that two recent workers 
(Pearson, in this Journal, 1917, 1918, and Bows, The Grasses and Grasslands of South 
Africa^ 1918, see review in the present number of this Journal, p. 84) have been favour- 
ably impressed by Cdements’s scheme, and have successfully applied it respectively to two 
very different types of vegetation. 

Dr Gams’s sharp distinction between synecological classification (synusia) and topo- 
graphical classification (biocoenosia) certainly has a logical justification. He successfully 
shows that the units mostly dealt with by ecologists are topographical, but he does not 
contribute much towards the practical task of characterising, delimiting and classifying 

7-^2 
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these biocoenosia: indeed ho scarcely takes cognisance of the ecological factors which 
unite and separate the smaller topographical units. The practical difficulty comes in when 
we attempt to separate the author’s third grade of synusia, the components of which durch 
feste Korrelationen zu einer okologischen Einheit auf einem einheitlichen Standort ver- 
bunden sind,” from Xvhat the author regards as purely topographical units. The whole 
difference depends, as will be seen, on the degree of correlation. The word “feste” rather 
begs the question. Whether the distinction, logically sound though it is, will be useful in 
practice, remains to be seen. 

The author gives a new classification of life forms, largely based on Raunkiae'r’s system, 
but extended and including animals. This appears to be the V^est which has yet been 
published. 

Du Rietz^ C. E. ''Nagra synpunkter p& den synekologiska vegetations- 
beskrifningens terminologi och methodik.” Svensk Botanisk Tidskrift, 
1 1, 1917, pp. 51-71, with a German resume. 

In this paper the author puts forward several new terms and provides definitions for 
several old ones. His general standpoint is that of the j)aper noticed below, and his 
terminology may be considered as superseded by that proposed by the joint authors. 

Du Rietz, C. E., Pries, Th. C. E., and Tengwall, T. A. '' Vorschlag zur 
Nomenklatur der soziologischen Pflanzengeographie.” Svensk Botanisk 
Tidskrift, 12, 1918, pp. 145-170. 

This paper sets out to expound, modify and summarise the ideas originating with 
Hult ( 1881 ). and Sernander, who worked on Finnish vegetation, and recently developed by 
Fries and Du Rietz in Sweden. The authors lay stress on the separateness of the Finnish- 
Swedish school of ecologists from the workers in the rest of the world, and claim that the 
former was marked by true * inductive ’ methods at a time when extra-Swedish study of 
vegetation was suffering from a conflict between confused ' inductive ’ principles and the 
' deductive ' principles introduced by Schouw, Thurmann and Sendtner. They insist that 
the plant- association must be characterised by the composition of the vegetation alone, 
i.e. by definite floristic composition, and that the factors which give rise to associations 
must not be introduced into the definition, and combat the views of Samuelsson and 
Melin, who include in the same association similar “Bestande” which may have no species 
in common. The authors proceed to call attention to the historical factor, which, together 
with the * ecological ’ (habitat conditions) and the biotic, helps to determine the associations 
actually existing in a given area. Thus successful invasion by a foreign species may occur 
without any alteration of the habitat, and several associations may exist side by side in 
the same habitat. 

All this of course is perfectly true, but the authors seem to ignore the range of conditions 
within which an association can exist, which is an essential datum for determining what 
may be called the ecological constants of the association. The whole paper seems vitiated 
by the belief that ‘inductive’ is synonymous with ‘descriptive.’ The authors rightly 
contend for an accurate floristic characterisation and limitation of the association, but 
one of the main objects of synecology is surely to define the conditions under which given 
associations develop, exist and die out. If that can be accurately done it forms part of 
the characterisation of the association, and to stigmatise all attempts to take the habitat 
into consideration in classifying vegetation as the employment of ‘deductive’ methods 
appears to be a simple misuse of language. We fully agree however that the association 
must in the first instance be defined by its floristic composition, and not by habitat, and 
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that to name an association as the association of such and such a habitat is to begin at 
the wrong end. Some of the newer definitions of synecoiogical terms given by the authors 
may be summarised as follows: 

Association-fragmenL A plant-community which cannot form an elementary association 
on account of restriction of the habitat. 

Facies. Various forms of an association due to geographical position. 

Variants. J^eviations of associations due to other than geographi(;al causes. 

Association-comjdex. A union of associations or fragments of associations to a pliyto- 
geographical unit. (Cf. Nichols’s use of the same term, p. 102 below). 

Tnnn-associatums (Zwillingsassoziationen). Associations floristically and phj^siognomic- 
ally corresponding in one or certain layers only. (The conception of a ‘ Zwillingsformation ’ 
was introduced by Hult.) 

The authors accept Warming’s concept of the formation and adopt Drude's conception 
of ‘elementary associations’ (see this Journal, 2, p. 52). 

The authors are concerned also that more respect should be paid to priority in tin* 
use of the terminology of vegetation. In this matter we fear they will not meet with 
a great deal of sympathy. If there was one point on which ail the phytogcographcrs 
present at the Brussels Congress of 1910 were agreed it was that there must be no fixation 
of terminology until general agreement was reached. It is perfectly clear that the failure 
to reach general agreement means that the development of concepts is still incomplete, 
that various x^oiuts involved in the concepts employed are still obscure, and it is quite 
futile to attempt to fix nomenclature while that is the case. 


Nichols^ George E. ''The interpretation and application of certain terms 
and concepts in the ecological classification of plant communities.” 
The Plant World, 20 , 1917, pp. 305-319 and 341-353. 

In sharp contrast with the authors whose papers have been noticed above Ni(il ols 
takes the principle of succession as the groundwork of bis classification. He legards the 
association as the fundamental unit of vegetation, but unlike the Swc'dish authors defines 
it as the grouy) or <;ommunity of plants occupying a common habitat, which again he defines 
as a unit area wdth an essentially uniform environment. These definitions at once introduce 
the difficulty of wdiat is to be considered an ‘essentially uniform’ environment, as to 
which difference of oj^inion is often acute owdng to the great complexity of the interactions 
of the factors involved. We agree wdth the *floristic school’ in preferring to dehm^ the* 
association by its floristic and vegetational composition. Broadly speaking we all know 
an association when we see one, or rather when we have had some little exfieriencf" of it 
and its neighbours, just as broadly speaking we all know a species in the same way. In 
both cases there may be differences of ojiinion as to just how much either should include, 
as to whether we should count a well-marked facies correlated w ith a difference of habitat 
as a distinct association, or wdiether we should separate a well-marked variety as a distinct 
species. We are impressing our concepts on nature in both cases, but they are good workable 
concepts for all that, because there is, ordinarily, a certain discontinuity between the tyjies 
of well-marked associations as between the types of well-marked species. But the habitat 
cannot yet be defined so closely in terms of its ultimate elements, and we therefore do 
well to start w'ith the unit of vegetation itself as dt^fined by floristic composition and 
by structure. The author accepts Clements’s consociations (alternative dominants) and 
societies (local aggregations of species of secondary importance), as units subordinate to the 
association, but considers these as floristic rather than ecological units since they are not as 
a rule correlated with marked differences of habitat. He also distinguishes liabitat-ty'pcs 
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formed from parallel series of habitats, and corresponding association-types formed from 
the series of associations which inhabit them. 

In considering the suocessional relations of associations Nichols postulates a regional 
climax association-type, which has attained the highest degree of mesophytism which the 
climate of the region permits, but he dissents from the assumption commonly made or 
implied by American ecological writers that all the vegetation of a climatic region is on its 
way to approximate to that type. He says it is untenable in the light of many years of 
field experience and fails either to accord with theoretical considerations or to harmonise 
with observed facts. He contends that while the climatic climax is reached on the most 
favourable soils the edaphic influences of less favourable soils are limiting factors in succes- 
sion, that they not only determine its rate but its extent. He thus arrives at the conception 
of an edaphic climax association which is prevented from reaching the climatic climax by 
the edaphic factors of the habitat. As a good case of such an edaphic climax the New Jersey 
pine barrens are cited. This well-hnown area has been uninterruptedly out of water since 
Upper Miocene times, but while it is situated in a climatic region of deciduous forest, it 
has never got beyond the pine stage of succession on account of the nature of the soil. 

The author also puts forward the related concepts of the habitat-complex and the associ- 
ation-complex, formed by the different related habitats and corresponding associations 
existing within a physiographic unit area, as for instance, a pond, a burned area and so on. 
Such a habitat-complex is a physiographic entity of a higher order than the single habitat, 
and the association^ complex is similarly an ecological entity of a higher order than the 
single association. This ecological unit the author identifies with the edaphic formation, 
covering the whole series of success! onal stages actually met with in the physiographic 
unit area. Thus Nichols’s “edaphic formation” corresponds with Moss’s “formation,” and 
his “edaphic climax association” with Moss’s “chief association.” 

Mr Nichols also recognises edxiphic formation -types and edaphic format ion -complexes, 
concepts built up in a similar way to those of the corresponding combinations of associa- 
tions. The edaphic formation -complex of a climatic region corresponds, in this terminology, 
with the climatic formation. Finally we have the climatir formation-type, which includes all 
climatic formations doterrniruxi by similar climates, such as the often cited case of the 
sclerophyllous Mediterranean and Californian vegetation, the deciduous forest, of the 
eastern United States and of Western Europe, the short grass of the American Great Plains 
and of the Russian steppes, and so on. The author concludes his paper by an application 
of his system to the vegetation of the northern Cape Breton region, which he has particu- 
larly studied. 


NOTICES OF PUBLICATIONS ON BRITISH 

VEGETATION 

Paulson^ R. Notes on the Ecology of Lichens, with special reference to 
Epping Forest.” Essex Naturalist, 18, 1918, pp. 276 — 286. 3 plates. 

The author shows that the lichen flora on the bark of hornbeams (Carpinus hetulus) 
in Epping Forest differs from that on oakbark and includes sixteen species, of which eight 
are shade lichens belonging to the Graphidiaoeae, a family very poorly represented in the 
oakwoods of the same neighbourhood. Where this family occurs on oaks it is on the bark 
of young trees (usually Q. sessiliflora) fifteen to twenty-five years old, before it has become 
deeply furrowed. The growth of the lichens prevents the furrowing of the bark over the 
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portions they occupy. The Graphidiaceae on oakbark gradually give place to Parmeliaceae 
(P. 'phyaodes, P. sulcata and P. borreri). The trunks of Q. robur oii the London Clay are 
singularly bare of any epiphyte except Protococcus viridis Ag. (Pleurococcua vulgaris)^ and 
this is said to be a general phenomenon. Hence the author concludes that the lichen flora 
of Garpinua adds another feature to those which separate hornbeam wood from oakwood. 
Ho recognises two factors at work — the smoothness of the l)ark of the hornbeam and the 
relatively deep shade. The terricolous lichens of hornbeam wood are similar to those of 
oakwood though not so numerous or luxuriant. 

The beechwoods (Fagus silvatica) of Epping Forest have not an abundant lichen flora, 
though it is better developed than that of the (!halk beechwoods of Heitfordshire and 
Buckinghamshire. Lecidea crustulata and Rhizocarpon conjervoides on the pebbles among 
the beeches represent the group of saxicolous lichens occurring on the flints of the chalk 
beechwoods. 

Betula has few lichens on its bark, probably heeauso of the rapid exfoliation, except 
towards the base where the bark is deeply furrowed, but Lecanora varia, a rapid grower, 
obtains a hold, even on the young branches. The author finds that corticolous lichens are 
more abundant on sandy than on clayey soil and this is not only, though it may be partly, 
due to the greater light in the forest, owing to the presence of move birches on the sand. 
Thus while Parmelia, sulcata and P. caperata requir(> the extra light, P. physodes, which is 
less abundant in woods on clayey than on sandy soils, does not. Hence an undetermined 
factor correlated with the soil is indicated. 

The author gives several observations on the rate of growth of different li(;liens. The 
following growths were recorded in one year: ParnieHa physodes I-l cm., 1 cm., P, fuliginoaa 
var. laefevirens *9 cm., P. saxatilis 2*7 cm., P. caperata 2*2 cm., Ramahna calcicaris 1-5 cm., 
Cladonia macilenta, 1*0 cm., 0. jinihriata, *7 cm. These observations showifig yearly growth 
varying from *7 to 2*7 cm. agree very well with those of Bruce Fink (Mycotogia^ 9, pp. 
138-158, 1917), who found rates of growth in foliose lichens varying from *3 to 3*5 cm. in 
a year. The very rapid growth of some lichens depends upon the thallus being of loosely 
woven texture, as in the case of Lecidea uhginosa and Boeoviyces roseus^ the former pro- 
ducing patches 8 ft. by 6 ft. on bare ground during the autumn of 1917. In both these 
cases, however, the j>atches were formed by the coalescence of growths from a number of 
distinct centres of origin. Cladonia finibriata, C. pyxidata^ C. floerkiana and (■. macilenta^ 
the last two fertile, were observed on rabbit dung. 

Harrison, J. W. Heslop. "‘A Survey of the Lower Tees Marshes and 
of the reclaimed areas adjoining them.’’ Trans. Nat. Hist. Sac. 
N orthumherlandy Durham and Newcastle-on-Tyne. New Series, 5, 1918, 
pp. 89 — 140, with 7 sketch maps. 

The area investigated by the author consists of 14 i square miles of alluvial land lying 
immediately north of the mouth of the river Tees in the (;ounty of Durham, and based on 
post-glacial sandy clays averaging about 100 feet in thickness, strongly impregnated with 
calcium and magnesium carbonates washed from the Magnesian Limestone by the streams. 
These beds were accumulated in the original extensive estuary of the Tees owing to the 
southern set of the North Sea tides. Much of the estuarine flats so formed was reclaimed in 
1740 and again more than a centm’y later by the building of earth and slag sea walls. 
These cut off long narrow sheets, or “fleets,” of largely fresh water, connected by intricate 
meandering grassy channels called “stells.” The area is also intersected by tidal creeks 
and numerous “lodes” or drains. Further from the sea there are limited areas of undramed 
and partially drained marsh and fen. 
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The aquatic stage of the fresh-water marsh or fen succession is poorly developed. In 
the Phragmites reed swamp Caltha paluairls and Ficaria vema are specially prominent 
before the reed leaves unfold. The mixed marsh or fen association shows the bewildering 
variety of facies familiar to students of this community. The water, like that of the East 
Anglian fens, is rich in calcium salts and a very rich flora is present. .Local Saliceta of 
various species are found in places. The most interesting species is Trollius europaeus, 
very abundant locally and showing marked dilTerenees from the upland form — particularly 
freer and more luxuriant growth. Orch/is incarnaia and other orchids, with a groat number 
of variants and hybrids, and Parmissia paluMris are also prominent species. The Trollius, 
which increases and flourishes, reyiroducing itself freely from seed, where the marsh is a 
little drier, for instance where the soil is lightened by the action of moles, is suppressed by 
Spiraea ulmaria where these two species nuad. The marsh communities gradually pass into 
meadow witli increase of species like Primula veris, Eanunculns acris, etc?., and Rhivavihus 
crisla-galli, whose parasitism dwarfs the vegetation. 

The largc^st and dc?epe8t fresh-water “fleet” in the reclaimed salt marsh area has a 
2 ;oned series of communities: first a submergtxl leaf association of Mynophyllum spicalum 
(d.) and Potamogeton Jveens (o.), them a reedswamp dominated by Glyceria aguaticM and 
Scirpus maritimiis with Ranunculus scelerafvs (f.), and Scirpus lacustris with S. marihmus 
var. rnonoslachys (o. ), and finally an open marsh association also locally dominated by 
Glyceria aqualica associated witli various Junci, Scirpi and a few other species. The 
dry reclaimed area contains no a(j[uatics or salt-marsh plants, and forms a coarse pasture 
with such grasses as Holcus lanatus, H, mollis, Daciylis glomerata, Poa pratensis, Arrhena- 
therum elatius, etc. The accompanying dicotyledonous flora is poor. 

True salt-marsh borders the tidal creeks, and besides the primary marsh shows a well- 
marked secondary marsh formed at a lower level on mud removed from the primary 
marsh by tidal erosion. “Pans” arc? veiy numerous, and according to the author arise 
from various causes. Of these he considers the most important is the constant presence of 
standing water. He also agrec's with Warming that decaying algae, such as Fuci, which have 
been d(?posited by tlie tick^ in hollows, initiate pans by killing the salt-marsh c vrpet below. 
A third cause is the blocking of drainage' channels, which nniy happen in various ways. 
8uncracks he does not b<‘liev(' initiate pan formation. 

The succession of salt-marsh vegetat ion was followed on various sand and mud spits 
and banks, and on tlu' silt deposited by sy)ccially high tides. Rhizoclonium, Vaucheria and 
Chaeiornorpha are followed by Salicornia herbacea or rarely S. dolichostachya. Of the? 
glassworts the author found the red form more on the sandy and the “ apple-green ” form 
more on the muddy ground, but he concludes, owing to their mosaic mixture over 
much of the area, that ea(?h form is hereditary and that the purple type is heterozygous. 
Suaeda maritima and Glyceria nuiritima follow or sometimes accompany the Saliconiiae, 
which include locally S, ramosissima and S. disarticulata. The mixed Glyceria- SaUcornia 
community gives place to an almost pun? Glycerietum, which in its turn passes to an associa- 
tion dominated by Glyceria and Armeria mariiima, accompanied by Plantago maritima, 
Festuca rubra, Glaux maritima, Triglockin maritimum. Aster tripolium, Artemisia maritima 
(at the edge). In newly- colonised muddy hollows Aster trijwliurn followed by Statice 
limonium (Id.) comes into the Glyceria -Salicornia stage and this gives a sub -association in 
which Spiergularia marginata also occurs. The Statice turn, which occupies the main body of 
the upyDcr marsh and is the stablest of the tidal communities, contains most of the plants 
hitherto mentioned, with Spergularia salina (f.) and Statice humilis (vr.), Glyceria and 
8. limonium being co-dominant. On levels only covered by the highest spring tides .^mena 
becomes dominant again, and this zone is succeeded by a narrow band of Artemisia maritima 
with local Obione portulacoides, and finally by a mixed vegetation of littoral meadow 
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plants and weeds of cultivated ground. Of these the most noteworthy species are Bupleurvm 
tenuissimum, Cochlearia officinalis and Stellaria horaeana. In the secondary marsh formed 
by debris from the primary thrown down to a lower level Glyceria alone survives, forming 
a turf into which Stalice and the other accompanying species penetrate as the level is 
gradually raised above the reach of the majority of tides. 

The author distinguishes a submerged leaf association of the saline aquatic formation, 
inhabiting a large shallow salt-water lake on sandy soil and formed of Euppia rostellata (d.) 
with R. spiralis and Zosiera naria ; and in the pans with permanent salt water Zannichellia 
rnaritimay Ranunculus haudotii var. marinus^ Poiamogetqn peclinalns var. salinus, with the 
above-mentioned sjiecies, occur singly or in pairs. In the sandy salt-marsh succession 
Qlaux maritinia and Juncus gerardi are two of the most important species, while the two 
liverworts Anenmi 2 >iBgitis and Pallavicmia fiotowiana enter the succession quite early. 

Besides the various segregates of herbaceous Salicorniae and the Zannichelliae and 
liuppiae, Stalice humilisy Sallcornia radicans, Erylhraea pulchella and Potaniogeton conu 
pressus are new records for the local flora. The two first-named species attain hereabouts 
the northern limit of their range. A list of Uredineac observed has been added as an 
appendix. 

The jiaper contains a number of interesting and valuable floristic and ecological ob- 
servations, and it is very greatly to be regretted that the author, owing to war conditions, 
was unable to make, as he had intended, a really thorough ecological studj" of the area, 
not only because it was evidently exceptionally full of interest from both points of view 
but because we gather it is largely doomed to destruction by industrialisation. 

Henry^ A. Woods and Trees of Ireland.” Co. Louth Archaeological 
JouTfial, 1914. 

The history of the Irish forests is to some extiait shown by the plant remains of the 
submerged forests and peat mosses. In the former grew Hazel, Alder, Oak, Willow and l^ine, 
whilst in the latter the suc.cessive beds seem to indicate a sequence similar to that of the 
Norwegian Post-Gla(;ial dej)Osits, with Betula. pubescens in the lowest, Oak in the most 
recent and a predominance of Pin vs sylveslris .in the intermediate period contemporaneous 
wdth Neolithic man. 

The high level bogs and those of the western s(*ad)oard arc regarded by the author as 
areas which were occupied by forests in the drier and more continental climatic of the post- 
glacial period when the average temperature was probably 4° F. higher than now^ and 
when Pinus sylvestris inhabited the mountains and western islands now barren of trees. 
It is pointed out that Labrador with a low average annual temperature (- 4'^0.) but a 
continental climate is well wooded whereas Greenland, which has a higher average tempera- 
ture (0*5^ C.) but an insular climate, is nevertheless treeless. “All tracts covered wdth furze, 
bracken, luzula, (^tc., undoubtedl 3 ^ bore trees till recently; but it is questionabk* wliether 
the heather-clad moor has borne trees in historic times; while the higher Eriophorum and 
Scirpus bogs certainly have not carried forest since the Neolithic epoch.” 

The incapacity of the Cornish and English Elms to produce fertile seed in this country 
is regarded as another outcome of the climatic change, since these species reproduce freely 
by seed in Brittany and Spain respectively; and the absence of Pine, except where planted, 
from Ireland at the present day is considered to be a further consequence of the altered 
climate, which eliminated the species from the hills, combined with the effect of cultivation 
which ousted it from the valleys. 

Tetrao urogallus, which is dependent upon the Pine for its winter food, was common at the 
time of the Conquest but died out about 1760, whilst the tree itself lingered on in Kerry, 
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Connaught and near Lough Erne till about 1800. As the area of cultivation extended the 
forests were cleared and extensive exportation of timber hastened their destruction, which 
was completed, during the latter part of the seventeenth century, by the demands of the 
iron works. 

The following plants and animals are cited as being confined to old woods in Ireland, the 
relicts of ancient forest: 


Plants 

(^ephalanthera ensifolia 
Festuca sylvatica 
Milium effusum 
Monotrojm hyptypitys 
N eotti a nidus -avis 
Prunus fjodus 
Pyrola media 
P. minor 

Rhimnvs frangula 
Stachys hetonica 


Animals 
Muatela martes 
Formica rufo, 

Umax cinerea-nigra, 

A chanthimda lamellata 
Acicula lineal a 
Hygromia fusca 
Pupa anglica 
jSphaerudium edentulum 
Zonitoides exca vatus 


These relicts present one or two interesting associations such as the Killarnoy woods with 
Arbutus unedOf the Oak-Holly association which is common in rocky and hilly districts, and 
an association of Quercus robur and IJlmus nitenSy such as occupies the banks of the Sa6ne, 
Adour and Danube. An example of the last-named is found at Abbeyleix. 

E. J. S. 


Baker, J. Q. The Botany of Burnham Beeches.” Journal of Botany ^ 
60 , 1917, p. 276. 

The author here furnishes a list of 176 phanerogams which were noted in this well-known 
locality during July and August. The area is situated on sandy and gravelly soil and occupies 
some 374 acres, of which about equal areas exhibit Heath and Woodland vegetation re- 
spectively. The flora is of rather a mixed character with a general facies approximating 
to that of the Quercetum sessiliflorae. The dominant trees and shrubs are Fagus sylvatica, 
Quercus pedunculata, Betula alba. Hex ayuifolium, Crataegus monogyna, Calluna vulgaris and 
Erica tetralix. Desekampsia flexuosa and MoUnia coerulea predominate over large areas but 
at the same time species occur in abundance which are usually commonest on non-acid 
soils rich in bases (e.g. Arum maxidatum, Galeoj)sis tetrahit). 

E. J. 8. 


NOTICES OF PUBLICATIONS ON FOREIGN 

VEGETATION 

Oliver, W. R. B. ‘^The Vegetation and Flora of Lord Howe Island.” 
Trans. N.Z. Inst., 40 , 1916, pp. 94~J61, and 7 plates. 

This is a valuable contribution to the ecology of the outlying islands of New Zealand 
and Australia, and the author has given a remarkably full account of the flora considering 
that he spent but fifteen days on the island. 

I. General Introduction. The physiography is first dealt with. Lord Howe Island has an 
area of about 13 sq. km., and is situated in S. lat. 3r 32' about 430 km. eastward of 
Australia. Its rocks are of both volcanic and marine origin. It is mountainous in parts, 
the highest point mentioned being Mt Gower, 865 m. The climate is distinctly insular. 
Rainfall is distributed fairly evenly throughout the year, averaging 1818 mm. per annum. 
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Meteorological tables are included. Reference is made to the animals. The anatomical 
structure of the leaves of the leading forest trees is discussed and the following points of 
resemblance noted: (1) Thick cuticle, (2) Aqueous tissue, (3) Dorsivcntral arrangement of 
the mesophyll. 

II. Flani Fonnationa. These are classified as follows: 1. Woody- Plant Formations 

(i) Forest, (ii) Moss Forest, (iii) Scrub. 2. Herbaceous Plant Formations (iv) Low Succulent 
Plants, (v) Sand -Binders, (vi) Rushes, (vii) Tussock Sedges, (viii) Herbaceous Plants. 
3. Marine Formations (ix) Mangrove. 

(i) Forest. A temperate evergreen forest I5"2()m. high occupies the whole of Lord 
Howe Island except where it is inhibited by adverse climatic or edaphic conditions. High 
Forest comprises two associations: Ficus cohminaris and Acicalyphas fullagart. Lowland 
JjOW Forest comprises the palm Houea forsteriaua and forest trees such as H emicyrlia 
austr alas icily Acronychia baueriy Cryptocarya triplinerviSy Notelaea quadristaminea, Lagunaria 
patersoniy and Elaeodendron curtiperululmn. Lianes are abundant and species of ferns, sedges, 
and herbs occur in open spaces. Mountain Low Forest occurs above 300 m. Here the palm 
Hedyscepe canierhuryana is abundant and such trees as Notelaea quadristamineay Coprosrna 
jmtiday Geniostonia petiolosmn, Dracophyllum fitzgeraldiy and fJrimys howeana. A slight 
undergrowth of small shrubs and ferns occurs. 

(ii) Moss Forest occurs on the summits of Mts Gower and Lidgbird. Here the vegetation 
is of a compact low scrubby nature. Everywhere the ground is covered with mosses. 
Notable plants are Dracophyllum fitzgeraldiy (Uinostigma mooreanuniy Cyathea brevipinna. 

(iii) Scrub occurs at the edge of the forest along the sea coast and on exj)osed ridges, 
and consists of shrubs 1-2 m. tall, with a few trailing and herbaceous plants. The coastal 
scrub association consists of Ochrosia ellijdicay Ijagunaria j^cdersofiiy M yopormn insularey 
Melaleuca ericifoliay Carsinia fennifolia. Hill scrub includes Dodonaca viscosuy H emicyrlia 
australasica, liapanea pdat y stigma . 

(iv) Low Succulent Plants comprise two associations: (a) Jjobelia'Mesembryayithemumy 
and (h) Salicorniay which occupy coastal rocks and sand within reach of salt spray. 

(v) 8and-J3inders occux)y the sand-dunes along tht‘ coast and sandy exposed headlands. 
The association includes Sprinifex hirsutuSy Ipmmaea pyescaprae and Wedelia u7iifiora. 

(vi) Rush Formalions occur on exposed sandy places near the coast. Prominent are 
Scirpus nodosuSy Spinifex hirsiituSy Poa caespitosa^ Phragmites communis and Jpomaea 
pKilmata, 

(vii) Tussock Sedges on Talus slopes facing th(‘ sea. Mariscus haematodes association. 

(viii) Herbaceous Plants occupy damp ground and dry places not occupied by forest. 

Associations Kyllinga monocephala (damp ground), Poa caespitosa (dry ground). 

(ix) Mangrove occurs on muddy shores between tide marks: Aincennia officinalis and 
A egiceras comic ul at um. 

The temperate rain forest, except for the absence of gymnosperms, agrees closely in 
essential characteristics with the rain fon^sts of New Zealand and Tasmania. The moss 
forest of Mt Gower is similar to that on Sunday Island and on high ground in the North 
Island of New Zealand. 

III. Origin of the Flora. The autBor discusses the geological history of the Island, its 
possible former land connections, distribution in Australasia of its genera and species, 
endemism and ecological groups. He comes to the conclusion that “the plants of Lord 
Howe Island indicate former land connections with both New Zealand and New Caledonia. 
The greater degree of peculiarity in the New Zealand elements points to the earlier severance 
of that connection. No closer connection with temperate Australia need be postulated to 
explain the affinities of the flora of Lord Howe Island and the continent. The last land 
connection being with New Caledonia, Lord Howe Island ought properly to be considered 
an outlier of that region.” 
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IV. List of Indigenous Species. This is given in fuJl, each species being dealt with under 
the headings: (a) Recorded, Habitat, (c) Distribution. 

The author admits 209 species of vascular plants as indigenous to Lord Howe Island. 

V. Introduced Elements. A list of thirty introduced plants is given and a short note on 
the animals. 

VI. Literature and History: a full bibliography with notes is given. 

VII. Species Omitiexl. A short list of species mentioned in former lists but omitted in 
the present paper forms th(i conclusion. These species have mainly been confused with 
others. 

C. E. Foweraker. 


BRITISH ECOLOGICAL SOCIETY 

ANNUAL MEETING. 

The Fourteenth General Meeting (Fifth Annual Meeting) was held on Detuunber 2l.8t 
in the Botanical Lecture Room, University College, London, the President of the Society, 
Dr W. G. Smith, occupying the Chair. After the usual formal business the report of the 
Hon. Secretary was read and adopted. 

Hon. Secretary’s Report for 1918 . 

Most Societies in the period of stress of the past four years have had to deplore a- decrease 
in their activities consequent not merely on the difficulties of arranging meetings but also 
on the many and exacting occupations which have prevented members from attending. 
It is tluTefore a matter of no little satisfaction that during the past year the various activities 
of the Society have augmented rather than decreased. All will, we venture to think, agree 
that the Journal of Ecology has maintained its high reputation, whilst in place' of the 
two meetings usually held it was found possible to arrange three during the past season. 
The two Field Meetings, namely, a one-day excursion to Breckland and a five-dayH’ meeting 
at Settle, may both be characterised as unqualified successes, and the number of members 
present on eacdi occasion was, under the circumstances, particularly gratifying. The 
Me(iting at Settle which was held in (;onjunction with the Yorkshire Naturalists’ Union 
is, we trust, but the prelude to further such happy co-operative efforts. The thanks of 
the Society are due to Dr Wood head and Mr Cheetham and also to Dr Farrow, who were 
responsible for the programmes of the two Field Meetings respectively, and to whom we 
largely owe their success. In respect to the membership it could hardly be expected that 
this would show any considerable increase, but it is a sign of the widespread appreciation 
of the work of the Society that six new members have joined the Society, and further 
that the additional members are not from this country alone but represent such widely 
separated regions as Italy, New Zealand and the United States. 

We have to lament the loss of two members by death in the past year, Dr Ethel Sargant 
and Dr Ethel de Fraine. The Hon. Secretary has received one resignation, so that the 
membership compared wnth that of 1917 shows a net increase of three, bringing our total 
to 114.1 

1 Since this report was read 3 further resignations have been received and 4 more members 
have joined the Society to April 1, 1919 (see list of members, p. 117). 
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Hon. Treasurer’s Report. 

In presenting the audited accounts for J917 (p. 109) the Hon. Treasurer, Mr H. B. Watt, 
stated that the Society might consider its financial position very satisfactory, especially 
considering the war conditions that had prevailed. In seconding the motion for the 
adoption of the accounts, Mr Tansley said that the Journal for 1918 had been rather 
larger than was strictly justified by the funds available, the cost of production having 
risen considerably during the year. In 1919 it would be prudent to publish only two issues 
of ninety-six pages each. The accounts were adopted without a dissentient. 

The meeting then proceeded to the election of Officers and Council Members for the 
ensuing year. The following were unanimously elected: Vice-President, R. Lloyd Praeger; 
Hon. Editor, A. G. Tansley; Hon. Secretary, E. J. Salisbury; New Members of Council, 
W. E. Brenchley, O. V. Darbishire, F. W. Oliver, W. Watson. 

PRESIDENT’S ADDRESS 

The President (Dr W. G. Smith) then delivered his address and spoke as 
follows: — 

This is a memorable meeting. The end of the Great War is in sight and we stand on 
a threshold. Behind is a darker period when problems in plant ecology and such-like 
appeared trivial beside the greater issues, and when one’s thoughts constantly turned 
towards the trenches, the battery positions and the North Sea. The outlook is still obscure 
but we feel we must be up and doing. 

The predominant feeling at the beginning of the war was one of resentment and sorrow 
that one of our aims as a Society was shattered for the time being. For years there had 
been a movement towards the elimination of racial differences and the fostering of one 
community of botanists. The International Association of Botanists, the British Associa- 
tion, and the I.P.E. had carried us beyond a merely literary connection to a social one 
and even to comradeship in the field. In Britain, as in Europe and North America, recogni- 
tion as a botanist was a universal credential, and the reception many of us have met with 
in different parts of the world was almost overwhelmingly friendly and hospitable.' 

It was a rude awakening to find that politics and diplomacy had made enemies of many 
with whom, in spite of all, we can never quite lose the tie of comradeship. It has been a 
tragedy of the war that Belgium, the sphere of many international excursions, should be 
the chief cock-pit. Some of us can recall the places themselves, whilst the topography 
and botany wore familiar from a wide literature culminating in the vivid monographs 
of Jean Massart. As the tide of war swept backwards and forwards, one could not help 
thinking of the wrecked labours of the peasants of Belgium and Picardy who by intensive 
effort had built up a great soil fertility round the numerous villages. Thus there arises 
a feeling, political, economic and ecological, which finds expression in the title page of 
Massart’s Pour la Protection de la Nature en Belgique. It is probable that in our narrower 
sphere as a Society we may be asked to do something towards replacing some of this damage, 
and by a ready response we shall best show sympathy. 

, The darker side has also been impressed on us as a Society which has constantly fostered 
the younger men. We have missed their energy in the more exacting field surveys, their 
presence at the meetings, and their contributions to the Journal. It is therefore natural 
that we should count our losses and think what might have been done by such men as 
C. Laidlaw, E. Lee, A. S. Marsh and D. Maepherson. What applies in our own Society can 
l)e extended to all spheres that have paid toll in the younger men who have given all they 
could give. It is significant that since the last President’s Address the Society has lost by 
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death three eminent women -Dr Sarah M. Baker, Dr Ethel de Fraine, and Dr Ethel 
Sargant. The Society has always maintained equality of the sexes and has gained thereby 
the cooperation of very active workers. Each of those just named has left knowledge 
more complete than she found it, and no worker wishes a better epitaph. Their distinction 
is a measure of the loss of the Society, and the personal loss is deeply felt by members. 

Economic Plant Ecolocy. 

The war years have revealed many national needs. One of these is the application 
of science to industry. In the past there has been a serious lack of unity between what 
is commonly called science and practice. As botanists we have tended to be academic, 
though some have broken away from the narrower sphere. That economic problems in plant 
life are important these years have made evident, but it is stimulating to find that plant 
ecology has taken a forward position in economic applications b The future has a strong 
call for the younger generation to develop this wider economic aspect, because the older 
race do not so easily shake off acquired habits of thought and action. But in adopting 
the economic outlook, do not let us despise the more scientific. It may be said, almost 
without exception, that the more pressing problems in applied botany lie along the imper- 
fectly explored fringe of the territory. In other words, applied problems call for a thorough 
scientific foundation and a broad mental equipment. Plant nutrition will be chaos until 
we know more about controlltid plant cultures, leaf activities, synthesis of carbohydrates 
and the phenomena of absorption. Hybridisation will not be solved by MondeFs principles 
alone, but by something which still lies in the future. Soil biology is still very much a 
collection of detached observations. As with these, so with plant ecology, the problems 
must be attacked from the foundation in the spirit of scientific research and without any 
immediate “practical objective.” 

Another aspect of applied science should not be overlooked. It is needful to find out 
what are the urgent problems. This exploration can only bo done by going into the territory 
where the problems exist, and it means that the ecologic«d botanist must become familiar 
with the economic side by primary surveys of various kinds. In doing this it is above ail 
necessary to approach the subj(?ct free from bias and unfettered by any dogmatic general 
opinion. 

Plant Communities and Biological Factors. 

Plant ecology has many tempting vistas for a Presidential Address. In some respects 
ecology is a modeifi edifice, yet the crudeness has its advantages, there is no long trail of 
accumulated facts trodden into a hard road polished with empiric formulae. There is still 
an opportunity to muster our facts and if need be to re-cast our theories. 

The foundation of Plant Ecology is that the plant and its community are the tTiui 
index of the environment, and that a change in the community must bo accounted for 
by the action of factors of the environment. The tendency of tjie earlier work, especially 
in primary survey, was to seek the determining factors amongst the climatic and edaphic 
conditions. It would be an interesting survey to trace the gradual improvement in the 
methods of observing and recording these factors. A perusal of the volumes of the Journal 
of Ecology will show that in spite of many difficulties there is a progressive adaptation of 
the methods of the laboratory to the requirements of outdoor observation and experiment. 

Another noteworthy evolution is the increasing reference to biological agents. There 
was a distinct tendency in the earlier work to turn the blind eye towards the biological 
factors. It was also considered a strong argument in destructive criticism to point out 
that Britain was so much under the influence of Man and his activities that environmental 
studies were impossible and useless. This argument is a fallacy. It could be applied to 
1 Carey^ A. B. and OUver, F. W., Tidal Lands, 1918. 
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all Europe and to much of the United States, which may claim to be cradles of modern 
plant ecology. That Britain is not unduly influenced by man is emphasised by several 
of the botanists who spent five weeks in all parte of Britain with the I.P.E. in 1911. Professor 
C. Schroter with a long and thorough knowledge of Swiss and other European vegetation 
says — “So sehen wir zu unsercm Erstauen in dcm dichtbevolkerten England enorme 
Strecken extensiv oder gar nicht bewirtschafteten BcKiens, in starkem Gegensatz zu dor 
intensivcn Bodcnbenutzung unseres sehweizerischer Mittellandes^” Professor Jean 
Massart of Brussels refers to — “L’6tendue des espaces qui sont laiss^s incultes pour le 
gibier^.” Professor H. 0. (Bowles (Chicago) — “I was amazed at the vast amount of wild 
country in densely populated England^.” To reverse the argument — where is the influence 
of man on the vegetation not perceptible? In South Africa, the influence of man, including 
veld burning and stock grazing, has had a great effect in changing the composition of the 
Veld and in limiting the extension of bush^. In New Zealand there has been wide dispersal 
of imported weeds, and where stock graze the native plants are restricteHl to rocks and 
places inaccessible to grazing animals^. Still further south, Campbell Island (lat. 52® 35' S.), 
is a sheep farm, and on Lord Auckland’s Islands (lat. 50® 30' S.) pigs, introduced in 1807, 
have multiplied and have influenced the vegetation®. 

The recognition of biological factors is the more necessary because the economic applica- 
tions of plant ecology are closely linked with the biological environment. The present 
position is that a certain number of observations have been recorded, but much remains 
to be tested by controlled experiment. At such an early stage it is perhaps hazardous to 
lay down principles, but it may be of assistance to ecologists if an attempt is made to 
formulate some concepts. 

I, Biological factors play a part in the environment of every type of vegetation, 
both natural and semi-natural. Insects in pollination and in finding food may modify 
the occurrence of a plant species or community. Another wide sphere for the operations 
of organisms is involved in the term soil-biology. The interaction of plants in a community, 
and of one community with another may also be included under biological factors. Herbi- 
vorous animals exist whereveir there is vegetation, and by grazing they influence the whole 
vegetation or modify the plant communities. When man comes in, his activities as farmer, 
grazier and hunter bring fundamental changes. It is unnecessary to attempt an exhaustive 
list, because it is evident from the indications just given that the present state of knowledge 
is very imperfect. A wide field still lies open for exploration, and while searching for new 
facts, observers will do well to examine critically what is accepted as old, but which has 
not been tested by controlled experiment. 

II. The effects of biological factors may be continuous or discontinuous either in time 
or space. Home biological factors have little real significance, for instance an insect attack 
limited in area and lasting only a sea.son; or the burning of some plant community as an 
a(!cidcntal occurrence. These might be important in the study of a restricted locality, but 
in dealing with larger areas they must be regarded as local episodes. At the other extreme 
there are biological factors that are more continuous in their effects than many edaphic 
conditions, e.g. fluctuations in moisture due to wet and dry seasons. Grazing on the large 
scale in stock -farming is a continuous factor and varies little from year to year if directed 

1 New PhytologiaU 11 , No. 8, p. 282, October, 1912. 

2 Iderriy No. 1, p. 27, January, 1912. 

® Idem, p. 26. 

* Bewi, J. W., The Orasaes and Qraaalanda of S, Africa, 1918. 

® Ashton, B. C., “Some Effects of Imported Animals on the Indigenous Vegetation.” Proc, 
New Zealand Inai. 44 , 1912. 

® Cockayne, L., “Botanical Excursion to the Southern Islands.” Proc, New Zealand Inat 1904. 
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by the same occupier. The stock wintered on a sheep farm is almost the same each year, 
and the allocation of the land to each flock-unit remains the same. Drainage is another 
factor which cannot change much from year to year, though there is a slow change if the 
drainage system is not maintained, and this becomes evident on the heritage. Moor- burning 
will be a continuous factor if carried out regularly. Considerable discretion is necessary in 
estimating the importance of any environmental factor. It would be wrong to give undue 
prominence to some localised agent (except in a local study of vegetation) and to apply 
this activity to wide areas which have not been examined sufliciently. On the other hand, 
one need not be unduly disturbed because one finds considerable variation in the treatment 
of one grazing farm from another. If one attempts to distinguish all the variations that 
exist, then the survey becomes a record of the merits or deficiencies of individual occupiers, 
and this might lead to awkward results. In classifying grasslands the case wnll generally 
be met by some unit comparable to the species in taxonomy, though for more detailed 
work it may be necessary to define varieties of the species. 

III. The effect of biological factors is to reduce the growth-forms from phanerophytes 
to chamaephytes and ultimately to hemieryptophytes. These terms were originally used 
by Raunkiaer to designate zones influenced by climate, but they are appropriate here 
because the protection of the buds is fundamental as regards biological factors. Forest 
when destroyed by axe or fire is replaced by scrub, and continues as such if these biological 
agencies are recurrent. Trees and scrub-plants are further repressed by grazing animals 
(including rabbits). During the seedling and younger stages of the plants, the buds are 
exposed at some distance above the surface of the soil, and are liable to removal; again, 
in trees and shrubs the possibilities of bud-production in the axils of cotyledons and lower 
leaves are limited. Scrub-plants like (Ilex and Crataegus are more persistent because, 
although grazed as young plants, there is abundant bud-production near the soil level; 
spines also afford some protection to the older plants. The same applies to Bosa and Ruhus 
scrub, since renewal is largely from buds formed at or near the soil-level. Chamaephytes 
are represented in Britain mainly by Callunctum, Vaccinietum, and heath types with 
Ericaceae and Vaccinia. While these mainly represent climatic; and edaphic conditions 
unfavourable to tree growth, one is compelled in many cases to refer them to biological 
factors. Heath plants return again after periodic burning, and they resist grazing: Vaccinium 
because of numerous reserve buds below the soil -surface; Ericaceae and Empelrxim because 
the seedling leaves are closely crowded near the soil and each has a potential axillary 
bud. 

Grassland is much the most common stratum of vegetation that results from biological 
factors. Encroachment of grassland on forest is a dominant topic in all text- books on plant 
ecology, and it is to a great extent the result of biological factors; veld- burning in South 
Africa, and prairie- burning in North America are notable examples^ Where the forest 
has been cleared and cultivated, the land remains arable so long as the plough remains 
operative, but in almost every case grassland follows if i)loughing ceases. Common to 
forest, scrub and Callunetum there is a system of grass invasion along the zone marginal 
to streams and springs. Periodic erosion, deposition and flooding promote conditions 
favourable to open plant communities, from those on recent shingle to those forming the 
earlier stages of the reed swamp. Grassland follows naturally, sooner or later, and once 
established it is maintained and extended by grazing animils. The stream system thus 
affords numerous points of attack on the forest and moorland, and the breaches made 
are maintained and extended wherever grazing animals have access. If man appears as 
a cultivator he tends to follow the larger valleys so that encroachment proceeds faster. 
Man also curtails the opener communities of the marginal belt of swamp and marsh, by 

^ Cf. dementi; P. fi.; “Plant Succession,” 1916, Prairie-Plains Climax^ etc. 
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ora banking the rivers, and thus produces fen grassland much safer and more useful for 
his grazing stock 

The limiting of natural factors by biological agents might also be followed out for salt 
marsh, sand dune and shingle beach The result is strikingly similar for forest, moor, 
river system or maritime vegetation: if a grassland phase appears it is encouraged and 
developed by grazing animals and the influence of man. The development of grassland 
is thus convergent from several sources. This diverse origin may not be significant when 
grassland is regarded as a collective unit (Schimper, Warming, etc.), but when subdivision 
is required the problem of origin becomes important. 

Our present purpose does not require a comprehensive scheme of classification of 
grasslands^. There is a general agreement that some grasslands are natural, others are 
semi-natural. The natural types have never been ploughed or systematically manured. 
8emi-natural grassland has been ploughed and allowed to revert; Stapledon divides them 
into untended and tended. It is also assumed that, whether resulting from natural colonisa- 
tion or from artificial sowing, grassland attains in a few ,\ears to a relatively stable condition 
if maintained under a uniform system of mowing, grazing, manuring, etc. Those larger 
groups of grassland include subdivisions representing evolution in response to variations 
in edaphic and biological conditions; the extremities of the series may be distinguished 
as moist versus dry, and richer versus poorer soils. Throughout them all, certain species 
of grasses appear again and again, so that distinctions between grassland communities 
are bavsed mainly on the relative frequency of a limited number of grasses, and on the 
presence or absence of other flowering plants. 

Why some Grasses are widely distributed. 

If, for the present, attention is limited to the British or “*\tlan tic -type” of grasslands, 
and to the grasses, excluding other plants, then it seems possible to select factors which 
will eliminate locally distributed species, and leave a residue of grasses common to most 
types of grassland. The results have been arrived at by applying to British grasses the 
facts relating to their morphology and ecology, collected by C. Raunkiaer, Stebler and 
Schroter, Volkart, etc. 

(A) The dominant grasses are perennials, that is species which produce a limited 
number of flowering shoots and a larger proportion of leafy shoots each year. If from a 
British Flora a list is made of the annual (monocarpic) grasses, it will be found to include 
mainly the locally occurring species. Yet there are notable exceptions: Poa annua is wide- 
spread, but it may form a permanent turf (as in many lawns) if it is constantly mowed 
or grazed, and it is also distinguished by its winter-greenness; Bromus mollis and /». race- 

^ The contrast between the “unharnessed” Banubian “Plav” and the cribbed and controlled 
Norfolk Broads is seen in the descriptions by Miss M. Pallis: “Types of British Vegetation,” 
The River -Valleys of East Norfolk, Chap. x. Cambridge, 1911. “Structure and History of Plav,” 
Journ. of Linnean 80 c, — Botany, 48, July, 1916. 

2 Cf. this JouBNAL, papers on Blakeney Point by OUvor, F. W,, etc.; “The Salt Marshes of 
the Bovey Estuary,” by Tapp, B. B., Jones, O. T. and Jobns, B., 5, 1917. 

® The basis of such a classification is outlined in the Swiss “Wiesen” memoirs of Stebler 
and Schrdter. For British grasslands, lists from various representative grasslands are given in 
“Types of British Vegetation.” From the agricultural side, many lists have been published, 
including the classic series of analyses from the Rothamsted Experiment Station. The more 
recent papers in the Journal of Agricultural Science (Cambridge) are useful for reference; 
Armstrong, 8. F., “Botanical and Chemical Composition of the Herbage of Pastures and 
Meadows” (20 analyses from Leicestershire, Northants, etc.), 8, 1907-8; Stapledon, B. a., 
“Pasture Problems,” 5, 8, 8, etc. 
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moms are not uncommon in hjiy meadows whore they flower and shed seed before other 
grasses, and the seedlings find a place in the open turf so often found in newly cut meadows ; 
they are also very winter-green. 

[B) Common grasses possess a high power of shoot pi’oduction from buds near or 
below the surface of the soil. This property brings about quick renewal after grazing, 
and it favours grasses in competition with trees and shrubs with few and exposed buds. 
The grasses which form loose tufts, because they have decumbent stems with many nodes, 
have a structure favourable for bud -development, and most of the commoner grasses an^ 
loose-tufted. Long subterranean runners with many scale-leaves would appear to present 
opportunity for bud-production, but grasses like Ammophila on sand, Phragrnifes and 
Olyceria on mud, and Agropyrurn reperis are more frequent as colonisers than as elements 
in permanent grassland. Bromus erectus is another exception ; though apparently well 
adapted, it does not withstand close grazing. 

(C) A high power of surviving critical periods, especially winter and drought: 

Winter resistance. In Britain some grasses continue fresh and green throughout the 

winter. There may be a check because of low temperature or snow, but there is a fairly 
continuous production of shoots. During milder weeks, a sward of grass bitten by frost 
or bleached by snow soon recovers its fn^sh green. These winter-grasses thus maintain 
any ground occupied, and in spring they extend into spaces in the sward left vacant by 
less active species. By combining observations with re(!ords by Raimkiaer* ai^d Volkart 
the grasses may be grouped according to winter-greenness: 

Winter-greeir*^: 


Poa Irivialis 
P. compressa 
P. praiensis 
P. annvu 
Alopecurus spp. 

Fesiuca ovina (agg.) 

F. gigantea 
Dactylis glomerata 
Bromus erectus (2) 
Ammophila arenaria (7) 


Lolium j)eren 7ie 
Cynosurus cristatus 
Holcus lanatns 
Bromus mollis 
A imui elaiior 
A. flavesceris 
A. prateyisis (1) 
Deschumpsia caespitosa 
Agrostis alba 
Hordeum prateyise (3) 


Winter-green in a less degree (young leaves concealed during winter by bleached leaves): 


Agrostis vulgaris 
A nthoxanthum odoraium 
Koeleria cristata (4) 
Glyceria fuitans 
Elymus arenarius (7) 
Sesleria coerulea (9) 


Holcus mollis 
Phleum praiense 
Briza media (6) 
Hordeum silvaticum (f>) 
Nardns strict a (8) 
Festuca praiensis (10) 


Less winter-green (lose leaves early and recover late in spring): 
Glyceria aquaiicxi Bromus inermis 

Majority of woodland grasses 


^ Baimkiaer, O., De. Damhe Blomsterplanlers Naturhistorie, 1, Copenhagen, 1895-90. 

2 Volkart, A., “Graminoae” in Lehensgeschichte der Bliitenpflanzen MitteleAiropas. Bd. 1, Abt. 2. 
Stuttgart, 1908. 

® The grasses to which numbers are affixed, although winter-green, are restricted in distribu- 
tion: (1) Highland and upland alluvials; (2) chalk and limestone; (3) local on moist grasslands; 
(4) fixed dunes and mountain limestone; (5) calcareous and Permian scrub; (6) fr(‘quent, but 
rarely gregarious; (7) dunes; (8) peat and clay, poor soils; (9) mountain limestone, and cal- 
careous soars; (10) uncommon in old northern grassland, though often sown. 
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Summer-green : 

Brachypodium pimmtum Phalaru arundinacea 

B. sylvaticum Hierochloe odorata 

Deciduous leaves: 

Molinia coeriilea Fhragmites communis 

The groups from “less winter-green” onwards consist of grasses which do not occur 
in the more widely distributed grasslands. The “winter-green” groups include all the 
commoner grasses along with others which are local in habitat, as indicated. 

Drought resistance. The short but not infrequent periods of drought in Britain have 
a marked effect on the pastures and some grasses are inllueneed more than others. That 
there is a process of elimination is evident from the only detailed study of this aspect 
known to me^. This is a study of herbage already sorted out so that the competition is 
between plants more or less equally adapted to drought. A period of summer drought 
introduces a sequence. The drought causes certain species to disappear (e.g. Poa trivialis^ 
Cynosurus crisfatus, Avenu fiavescens. White Clover, etc.), while others persist (Lolium 
perenne, Dactylis, Brom/us erectus, Agrostis vulgaris. Lotus corniculatuSf etc.). Colonisation 
of ground left unoccupied takes place by Buttercup, Daisy, Yarrow, etc. The return of 
moister conditions induces recovery of ousted species; some recover before winter (Agrostis 
stolo7iifera^ Poa j^Tatensis, P. frivialis, Trifoliuin spp., etc.), others do not recover till spring 
(Festum pratensis^ Holcus lanaius, Cyn os urtiSy Phleiim, etc.). 

(/>) Adaptability to habitat is a feature of common grasses. What this means is 
distinctly vague, but its application is seen when it is considered that grasses apparently 
adapted to be widespread are restricted in distribution. These are generally colonisers — 
Amrnophila atul Elymus on sand, Glycerui ynaritima. on salt marsh, (^lyceria jluitans on 
rniid alluvials, Ses/eria on limestone, etc. In each there is a limiting factor which dominates 
perennialness, abundance* of dormant buds, and winter-greenness. Just as an intricate 
key will only unlock a particular combination, so these grasses fit a limited habitat. The 
commoner grasses are more like a master-key, and fit a whole series of combinations which 
appear to bo different, judged by the standards at our disposal. 

In conclusion, I have claimed the privilegt*. of the Presidential Address to cover a 
wide range of topics, to suggest rather than to explain, and to allow accumulated experience 
to express itself. If an impression is left that there is much work still to be done on biological 
factors, then one purpose is sei*ved. On the other hand, it is to be hoped that the attempt 
to make a consecutive chain has not failed. There is evidence that detailed Morphology 
can throw light on the evolution of a community of grasses, but much remains to be done 
before we can clear up the obscurity of terms like “resistance to winter” and “adaptation 
to habitat.” 


On the proposition of Prof. Oliver seconded by Mr Tansley a hearty vote of thanks 
was accorded the President for his Address. 

Prof. Oliver then dealt vith the Grasses of Waste Lands and their exploitation for 
paper making. Samples were exhibited of paper made from Spartina townsendii, Agropyrum 
repens, Amrnophila arenaria and Phragirdtes communis. The meeting concluded with an 
exhibition by the Hon. Secretary of a draft scheme for the Black and White representation 
of Vegetation depending on the use of a basis symbol for the various associations of a 
type of vegetation such as forest, moor, etc. 

E. J. Salisbuey, 

Hon, Sec. 

^ Stapledon, A. a., Journ. Agric. Science, 5, 1912-13. See Abstract, this Journal, 1, p. 197, 
1913. 
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THE ECOLOGICAL SOCIETY OF AMERICA 

The annual meeting was held at Baltimore, December 2(3 to 28, 1918, under the presi- 
dency of Professor Henry C. Cowles, of Chicago, who delivered an address on “Ecology in 
Reconstruction.” The committees on Climatic Conditions, the Preservation of Natural 
Conditions for Ecological Study, Freshwater Fish and Fisheries, and Soil Temperatures 
reported. 

Abstracts of a few of the pap(^rs read are subjoined. 

Cowles^ H. 0-, University of Chicago. “The Illinois Forestry Survey.” 

The Department of Registration and Education of the State of Illinois has under- 
taken the beginning of a State Forestry Survey along ecological lines. The object of the 
Survey is, first, to determine the extent and composition of the forests of tlie State, second, 
to determine the areas that should be kept in permanent forests either as natural history 
preserves or for economic utilization, third, to determine the areas that should be afforested 
or reforested and the tree species that should be utilized therein, and fourth, to determine 
in the several counties the areas best suited for natural history preserves in connection 
with the State Forest Reserve Act now in force. From time to time it is expected to publish 
partial reports with maps and descriptive texts of the counties or parts of counties studied. 
The speaker has assumtHl responsibility for and begun work in Cook County and several 
of the adjoining counties in the north-eastern part of the State, and several other ecological 
workers have already assumed responsibility and Ix^gun work in some other counties. 

Shreve^ Edith B., Desert Laboratory. “The Role of Leaf Temperature in 
the Determination of the Index of Transpiring Power of Leaves.” 

The use of tripartite cobalt paper slips for determining the foliar transpiring power of 
leaves depends on the assumption that the slips are at air temperature. Determinations 
of the temperature of the slips made with the thermo-couple apparatus for leaf tempera- 
tures show that this assumption may be made with an error usually 2 per cent, anxl never 
more than 8 per cent. Standardization of tripartite slips should be made within 2 or 3 
degrees of 20° C. in order to make it safe to use air temperatures in the calculations. 

Shreve^ Edith B., Desert Laboratory. A Method for Determining the Sur- 
face Temperature of Leaves.” 

Describes a method by which a thermo-couple and portable galvanometer may be used 
to secure surface temperature of leaves to within 0-1° C. The apparatus requires no ice 
nor warmed water and is suited to field and laboratory use. 

Whitford, H. N., Yale University. “The Forest Formation of British 
Columbia.” 

Need of the subdivision of the western coniferous forest formation has already been 
recognized. Danger of making too many or too few types. The grouping of distinct forma- 
tions is often necessary for graphic presentation. Differences due to altitude and latitude 
should be more recognized in delimiting the formations. Brief description of the primary 
and secondary formations, and of the most important successive stages. 
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PART I. HUMIDITY (concluded). 

Section B. SOIL HUMIDITY. 

( a ) Descriptive and Water Content of Soil. 

1. General Descriptive. The origin of the soil upon which these forests 
grow is not at all clear. 

The underlying rock is gneiss, tilted in many places to high angles by the 
intrusion of granite ; but the sub-soil has little in common with the gneiss, and 
does not appear to have been derived from it. The status of the soil, as seden- 
tary or transported, is therefore uncertain. It may quite probably be of sub- 
aerial deposition. The sub-soil is a hard substance, bright red-ochre in colour, 
and of very uniform consistency. It is coarse-grained and brittle, and but for 
the fact that its chief constituent is quartz, it resembles nothing so much as 
powdered brick. This peculiar deposit is of considerable depth in the valleys, 
as much as 10-15 feet in some places, but it dwindles to a foot or so before 
one has mounted far up the hillsides. 

There seems to be much in common between this deposit and the 
“ Laterite ” of S. India and Ceylon, and I am inclined to regard it as a slightly 
differentiated form of the same substance, chiefly distinguished by its softer 
texture. True laterite is almost as hard as rock, but this stuff can be crumbled 
in the hand. 

Laterite is currently regarded by geologists as of sub-aerial origin, and 
several things point to the same conclusion in this case, namely: the uneven 
thickness of the deposit, the greatest depths being at the lowest levels; the 
great uniformity of grain and texture, which suggests material sifted by some 
agent such as wind; also the frequent inclusion of boulders and pebbles of 
granite and almost unweathered gneiss. Further than this there are however 
no data to guide us. 

The sub-soil passes with great abruptness into the soil. On large cleared 
areas, and near the shore, true soil is non-extant and the red laterite forms the 
surface; but in the forests it is covered by a true soil. 

This soil is extremely shallow; 10 centimetres is a general average depth for 
the hill-forests. The great depths of humus soil spoken of by some of the older 
travellers occur onlyin valley forests and even there only exceptionally, where 
circumstances of topography have favoured accumulation. This shallowness 
of the soil has not been generally emphasized by those who have written about 
tropical rain-forests, but its effect on the vegetation is manifest. 
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The soil is very loose, open and coarse-grained. It is poor in humus as a 
whole, though the humus content is greater on flat areas, and the valley 
bottoms, consequent probably on reduced percolation. The humus is at its 
least on the steep, rapidly drained hill-sides. The soil is light-brown in colour 
and powdery when dry. It might, in a sample, easily pass for a particularly 
light and rather sterile soil of our own country, but closer examination reveals 
great divergences. The basis of the soil is quartz sand with subangular grains, 
as in the sub-soil, and when the organic matter is removed by ignition the 
same ochreous colour is revealed. The immediate origin of the soil is, then, 
the underlying laterite, whatever may have been the ultimate origin of that 
deposit. 

In accordance with its general character, the soil has a very low capacity 
for absorbing or retaining water ; but in this latter respect its power is enhanced 
by the layer of decaying leaves 2 3 inches thick which everywhere covers it. 
This layer is not seasonal as with us, but perpetual, owing to the high per- 
centage of evergreen trees present, so that while being continually destroyed 
by decay it is as steadily renewed. Thus its effect is continuous through both 
wet and dry seasons, and may even be accentuated in the latter case, owing 
to the more profuse phylloptosis. 

The constant excavation of the soil by mammals and the large 
Iguana lizards is a noteworthy factor, especially in any consideration of 
nitrification. 

2. Water Content. The water content of such a soil as that above 
described can never be very high. The holard and the hygroscopic water were 
estimated for the three following stations in the forest: 

Station A was that used for the experiments dealt with in Section A, and 
therein referred to as the “Base Station.” This was at the foot of the hill, 
only some 50 ft. above sea-level. 

Station B was half way up the hill side, on very steep ground, where the 
bushes of the undergrowth were scanty. 

Station C was close to the summit of the hill, at the fringe of a society of 
Asterocaryum palms. 

Representative samples were taken from each station, under different 
weather conditions. After clearing away the layer of decaying leaves, the 
surface of the soil was scraped off and the samples taken represented soil 
between 1 and 12 cms. depth. Each sample weighed approximately \ kilo- 
gramme. 

These samples were spread out in zinc pans and air-dried in the sun for 
several days, the resulting loss in weight being regarded as the normal moisture 
of the soil or “free-water.” The air-dry sample was then dried at 10()'"-110° C. 
and poured hot into an air-tight tin to cool. The consequent loss of weight 
is called “hygroscopic water.” 
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The results obtained are tabled below. In each case: 

Station A Station B Station C 



gms. 

gms. 

gms 

Ist, EBtimation, after 10 days drought (1) 

8-25 

8-4 

6-8 

(2) 

•55 

1*2 

1*5 

2nd Estimation after 1-7 mm. of rain (1) 

8-03 

8-04 

11 09 

(2) 

1-57 

1-70 

2-01 

3rd Estimation aftei 13*8 mm. of rain (1) 

9-6 

11-2 

11-5 

(2) 

1*2 

1*2 

1-8 

Ttiese figures represent the weight of water in 100 gms. of the wet soil. 
The averages are (1) 8*6 9*21 

9*79 

^2) 

M 

1-38 

1*77 


( I) =The “ free ” water, (2) The hygroscopic water. 

Soil from Station A which had been brought to England and kept dry for 
three years was again examined for its hygroscopic moisture and yielded 
1'128 per cent., which agrees with the average in the fresh soil. The colloid 
hygroscopic materials had not, therefore, been destroyed, by the long drying. 
The water content of the sub-soil varies of course with other factors, indepen- 
dent of precipitation, so that full estimations of it are necessarily complex. 
The hygroscopic water in a sample from the top of the sub-soil shows a rather 
higher value than the soil from Station A, namely 1*268 per cent. Comparing 
the stations with one another it is evident that C became the driest of the soils 
in drought, but picked up much more water than either B or A from the same 
amount of rainfall. This may perhaps be accounted for by an opposition 
between higher saturation capacity than A or B, but more effective drainage, 
owing to its situation on the hill top, although it is more likely that it is 
associated with the better access of the rain to the soil. The explanation of 
this curious observation is considered later, in sub-section (c). To determine 
what influence the hygroscopic water might have upon the drying out of the 
forest soil, and its relationship to the holard, careful estimations were made 
of its variation compared with the Relative Humidity. If the hygroscopic 
capacity were unusually high, might it not under circumstances of drought 
become a limiting factor in determining vegetation? In the present instance 
especially, where there is a very porous soil in conjunction with a very humid 
atmosphere, it might be significant. 

(1) The following were the percentage weigjits of water absorbed by 
hygroscopicity : 

Sample A. 1. Dry weight, 426 gms. 

Absorption, *013 gm. of water per 100 gms. of soil (air dry basis) 
per 1 per cent, rise of Relative Humidity. 

Sample B. 1. Dry weight, 462 gms. 

Absorption, *011 gm. per cent., as above. 

Sample C. 1. Dry weight, 539 gms. 

Absorption, *023 gm. per cent., as above. 
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Taking the weight of oven-dried soil as basis, the amount of water absorbed 
per cent, per 1 per cent, rise of Relative Humidity was: 

A. 1. -094 gm. 

B; 1. ‘086 gm. 

C. 1. -074 gm. 

(2) More delicate measurements, made with smaller quantities, over a 
considerable range of Humidity, are plotted in the graphs in Fig. 1, where 
the close relationship of the two factors is evident. To see what eflect this 



Fici. 1. Hygroscopic Variation in the weight of dry soils compared with the sim iiltanoous 
variation of Relative Humidity. The thick lines are the weights of soil from station A 
with the corresponding Humidities. Tlie thin lines are tlu* same measurements for a sample 
of dry soil from Station C. 


hygroscopic power has on the amount of water present in a given mass of 
soil, the true density of the soil must be known. This in Sample A (1) was 
determined to be 2-12, and in C (1) 2-23. 

Only soil in contact with the non-saturated outer air would be liable to 
fluctuation of hygroscopic moisture, so that 1 cm. is sufficient depth to con- 
sider from this point of view. 

Station A. Spec, gravity of soil 2-12: therefore 1 sq. metre to 1 cm. depth 
contains 21*2 kilos. 

Absorption, -13 gm. per kilo per 1 per cent, rise of Relative Humidity, 
that is, 2'75 gms, per sq. metre. 
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Station C. Spec, gravity, 2-23: 1 sq. metre to 1 cm. depth contains 22*3 
kilos. 

Absorption, -23 gm. per kilo pet 1 per cent, rise of Relative Humidity, 
that is, 5- 12 gms. per sq. metre. 

On the basis of the oven-dried weight ^ the total water held hygroscopically 
by 1 sq. metre of soil to 1 cm. depth in saturated air would be: 

A. 1*99 litres. 

C. 1*64 litres. 

These figures are very considerable, so large in fact that if normally moist 
soil takes up hygroscopic water from the atmosphere it must be a powerful 
element in determining the available water supply, if it is absorbed from the 
soil colloids by the vegetation. 

It is interesting however to note that after 13-8 mm. of rain when the air 
in and immediately above the soil was saturated, the total water content at 
Station A- was only 2-3 litres in all, to the same depth as above, and even 
allowing for percolation (the sample was taken directly the rain ceased) and 
for diminished access of rain to the soil owing to the canopy of foliage, it is 
very improbable that only -4 litres should have been contributed by the rain, 
or that moist soil functions hygroscopically in the manner suggested by 
examinations of dry soil. This is in agreement with the work of Keen (1914), 
who finds no discontinuity of state in the water held by a normally moist 
soil. 

3. Mechanical Analyses of the Soil. Mechanical analyses of the raw 
sub-soil and of soil from Station A were made by the sedimentation method, 
using air-dry “fine” soil, i.e. powdered with a wooden pestle. The results are 
given in the table below : 

Above 3 mm. 3mm.-lmm. 1 mm. -'2 mm. Fine Hand Coarse Silt Fine Silt Clay 
Haw Soil 0% 21-« % 6-95% 34-2 % 7-07% -82% 

Forest Soil 0% 9 % 5(5 % !2-(54 % 6-21% 5-7 % -56% 

Mechanical analysis of soil from a bare patch outside the forest compared with soil from 

Station A, inside tlie forest, in both cases omitting humus from the estimations. 

In the “Raw Soil,” that is to say in the sub-soil immediately beneath the 
soil, the clay fraction is not quite fully represented by the figure given, for 
after nearly three weeks of daily sedimentation the supernatant liquid was 
still turbid at the end of 24 hours settling. The turbidity was so shght that 
the attempt to remove this last and finest fraction was abandoned. The actual 
weight of material lost must have been almost infinitesimal when the total 
collected only amounted altogether to -82 per cent., a surprisingly small 
amount. The sub-soil is a comparatively impervious medium, as the large 
proportion of finer constituents would indicate, and no doubt the exceedingly 
fine grained clay must be largely accountable for this. It also gives the sub- 
soil considerable absorptive power, besides playing a colloidal part in retaining 

^ 8ce top of previous page. 
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water. In itself the clay fraction seems too small to accomplish this, but the 
high percentage of smaller medium-sized grains, the “coarse silt,” would afford 
an opportunity for close interpacking of the grains which would very greatly 
reduce the internal space. 

The coarse-grained character of the “Forest Soil” is evident, and the 
aggregation of the elementary particles by humic cement has tended still 
further to increase the porosity. At the same time it is probable that much of 
the finer material may have been bodily washed downward through the soil 
by the rain, whose great mechanical force must always be borne in mind in 
dealing with a tropical soil. The result, however arrived at, is that the surface 
soil is greatly opener and more porous than its substratum. 

(b) Relationships to Rainfall. 

1. Saturation Capacity of the Soil. The total water absorbing power 
of the soil was estimated in various samples. The results are tabulated 
below: 

Water Absorbing Capacity. 

Station A. Sample 1 as taken for estimation of the water content. Two 
fractions used. 

Averages. Weight of dry soil, 87-98 gms. 

Weight of water absorbed, 37-45 gms. 

Weight of water absorbed per cent, of the dry soil, 42-56 per cent. 

Station C. Sample I (hill-top). Two fractions as before. 

Averages. Weight of dry soil, 157-94 gms. 

Weight of water absorbed, 62-15 gms. 

Weight of water absorbed per cent, of the dry soil, 39-5 per cent. 

Sub-soil. One estimation. 

Weight of water absorbed per cent, of dry soil, 44-0 per cent. 

Referring back to the figures previously given for average water contents, 
we see that under ordinary conditions of moisture, e.g. after a short fall of 
rain succeeding a drought, the forest soil only contains 20-25 per cent, of its 
saturation capacity. Considering the open character of the soil this is perhaps 
fairly hig h, but Hellriegel, quoted by Hall (1912) gives 40 50 per cent, of 
saturation as the best water content for most soils, that is to say a content 
which removes the possibility of water supply being a limiting factor. This 
case is far below that level, so the possibility of the ground water being here 
a limiting factor, at least under some circumstances, cannot be ruled out. It 
is curious to note that although the water absorbing power of the soil at 
Station C is loicer than that at Station A, yet a similar amount of rainfall (see 
the 2nd and 3rd estimations of holard on page 124) produced a higher water 
content. This fact we noted previously, and it is now seen to be inconsistent 
with the absorption capacities. Two explanations present themselves; either 
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the water retaining capacity of the soil at Station C isliigher, or the rainfall has 
unequally affected the two localities. They are too close for us to believe that 
the actual precipitation was different, but something may have diminished 
the value of the rainfall to the soil of Station A below that at Station C. The 
first hypothesis leads to a consideration of the retention capacities of the 
two soils under similar conditions. The soil was enclosed in a cylinder made 
of stout grey filter paper, bound together with sxirgeon’s plaster at top and 
bottom. The air-dry soil is filled into this (about \ kilo was used) and tapped 
gently to settle down. This cylinder is placed in a shallow saucer of distilled 



Fid. 2. Graphs illustrating the rate of drying of two soil samples from stations A and C 
renpectivoly. (A, thin line; C, thick lino.) The variation of tho Relative Humidity is 
.shown by the broken line. Drying takes jdace in a continuous logarithmic curve, showing 
very little relation to the humidity curve. There is Du evidence of any hygroscopic 
variation of water content in the moist soil. 

water and left until the soil is completely saturated, lifted out, and, as soon as 
dripping ceases, superfluous moisture is wiped off the outside and the whole 
placed in the middle of a large filter paper in a saucer, the filter paper ensuring 
that percolating water does not collect beneath the cylinder. The accessories 
are weighed together beforehand, so that the actual weight of soil may be 
known, the paper cylinder being first carefully wetted to avoid the error 
otherwise arising from its own imbibed wat^r. By periodical weighings of 
such an apparatus, the progress of the process of drying may be followed, and 
correlated with the humidity of the surrounding air. The curves resulting 
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are shown in Fig. 2, alongside of the Relative Humidity. The curves are of a 
simple logarithmic type, tending towards horizon tality at the “ air-dry ” point, 
where it is in equilibrium with the atmospheric moisture and beyond which it 
fluctuates with the Relative Humidity. The direction of the curve is of course 
sensibly affected by atmospheric moisture, but it is important to notice that 
the downward course is nowhere interrupted. As we have seen from the 
measurements with “dry” soils the contained mass of hygroscopic water 
should theoretically bear a large proportion to the total water content in 
moist soils, but in the evaporation curve from these moi.st soils' there is no 
trace of the accretion of moisture by hygroscopic action following a rise in 
atmospheric humidity. The drying process continues steadily. This may be 
a crude representation of the facts, but it tends decidedly to emphasise the 
view we have previously expressed that moist soil does not contain “hygro- 
scopic” water, but that all the water content is in the same physical state. 
In this connection the refined experimentation of Keen (1914) is interesting. 
His examination of evaporation from soils as contrasted with pure sand led 
him to the conclusion that there is no “ hygroscopically ” held moisture in 
wet soils, but that all water present is held by the soil particles, not as super- 
ficial films, but colloidally imbibed by the clay fraction of the soil, which is 
regarded as partly if not mainly responsible for the curve of evaporation from 
the soil. 

This is quite in accordance with the view expressed here. When the soil 
is dried out, however, surface hygroscopicity seems in some way to replace the 
more intimate relation of the colloid particles and ihe water in moist soil. The 
apparatus here used serves to show both the loss by direct evaporation and 
by downward percolation, so that it gives a measure of total retentive power 
for the soil. 

For our immediate purpose the curves serve to show that the total reten- 
tivity at Station C is not in excess of that at Station A, which invalidates the 
first suggestion to explain its higher water content. 

The second alternative hypothesis, i.e. that concerning the acco.ss of 
rainfall to the soil, will be con.sidered separately under the next sub- 
section. 

Under the present heading should be included however some further com- 
parison of the porosity of the forest soil with its sub-soil. The relatively high 
saturation capacity of the rather open forest soil is surprising. In this soil 
60 per cent, of the soil is in particles between 1 mm. and *2 mm., which implies 
a very coarse texture, and yet this soil absorbs about 40 per cent, of its weight 
of water. It is possible perhaps that this may be due to the packing of the 
grains reducing the pore space, as in the parallel case of the red sub-soil, or 
to the content of organic colloids. 

Percolation is however very rapid through the moist soil. This was 
measured with columns of water-saturated soil in glass tubes 2'6 cms. in 
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diameter; red soil 58 cms. long, brown soil 56 cms. Time taken between 
commencement of water dropping on to the upper end of the soil column, and 
commencement of dripping from lower end: 

Red, 15 mins. Brown, nil. 

This is not of course equivalent to the rate of percolation through the soil 
at stages short of complete saturation, but this rate must be infinitely vari- 
able, so that the saturation point is the only constant by means of which soils 
can be compared. The columns of soil were allowed to drain for 116 days in 
order to bring the water content down to its percolation-free minimum. By 
this time the soil at the open ends was air-dry, percolation had ceased and 
therefore water was being lost only by evaporation. The brown soil only was 
examined. In this condition soil just below the actually dry layer contained 
6-6 gms. of water per cent, of the wet soil; (compare normal water contents 
given in table, page 124). The growth of Chlorella and a fern prothallus more 
thfin a foot below the surface of the soil in the draining column may be taken 
as further proof of the great porosity of the soil. The sub-soil being relatively 
impervious, drainage must run chiefly through the soil layer itself, but, owing 
to the high angles of the ground, it is quick ; the soil being rendered still more 
pervious by rootlets, decay and the cementing action of the humus in agglu- 
tinating the clay particles. This may serve to indicate why humus tends to 
accumulate in valley forests; the soil there being less drained and so much 
richer in water. 

On such a shallow and porous soil anything in the nature of upward soil 
osmosis, or Lynde’s effect, is out of the question. The clay content is too small 
to form a “membrane.” Moreover the constant precipitation not only quite 
prevents any concentration of mineral salts in the upper layers but tends to 
reduce the concentration already existing so that salts are much more likely 
to be lost into the sub-soil than the reverse. 

2. The Idea of “ Ralnfhll Efficiency.” To shelter under a tree when 
the rain comes on is one of the most natural and most obvious actions, and 
like many of our instinctive doings it seldom attracts the examination of our 
reason, or it would become plain that the tree which gives temporary shelter 
to the botanist must be a permanent shelter to itself. The ecological importance 
of the light stopped by the crown of a tree has long been recognised and has 
been clearly formulated by Wiesner, but the parallel effect on rainfall seems 
to have escaped expression. The case of the isolated tree is not, however, a 
perfect illustration of our principle, for not only do its roots often spread 
beyond the shelter of its canopy, but also percolation from the open ground 
close by and the general drainage of the ground, supply the surplus water, no 
matter how little finds its way directly through the crown of foliage. The effect 
is not to be seen properly in such examples, but rather in true associations of 
the natural vegetation. Nor is the effect confined to trees alone. In every t 5 q)e 
of plant association, closed or open, woodland, bushland or prairie, some 
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checking of the rain by the aerial parts of the plants must occur, lessening the 
actual supply to the soil. This water, thus held back, is only in the rarest 
cases directly beneficial to the plants concerned, and even in the exceptions the 
benefits conferred are usually subsidiary to the paramount necessity of root 
absorption. Such rain, therefore, caught by leaves and branches and directly 
re-evaporated, is to all intents and purposes lost to the plants, directly reducing 
the efficiency of the total rainfall as far as that association is concerned, with- 
out taking into consideration the possible effect upon stornatal transpiration, 
which may bring about a further indirect reduction of efficiency. It will 
readily be imagined that this reduction in rainfall efficiency may under some 
circumstances be of limiting importance to the vegetation and the strict 
consideration of this neglected factor may prove fruitful as a key to the under- 
standing of plant form. Incidentally, we may perhaps see in it the reason why 
leaf mosaics are not more perfect than they are; or, in another direction, 
the force which prevents some associations on dry soils from becoming 
closed. 

The idea of rainfall efficiency is that of the percentage of the total rainfall 
descending on a given area which becomes effective in the soil, allowing not 
only for the stoppage of the water mechanically by the leaves, but also for 
the effect of drainage in the soil itself. 

Practically, it means the ratio between the actual water content of the 
soil immediately after rain, and the total water content which the given amount 
of rain should produce, apart from the two factors of decrease mentioned 
above. The closer the association, the smaller will be the effective percentage, 
whiles ceteris paribus, a bushland will have to submit to a lower efficiency than 
a grassland d;nd a forest association than a bushland. In associations where a 
seasonal change of physiognomy occurs, e.g. in deciduous silvae, there will 
be a corresponding fluctuation of the efficiency. The efficiency thus considered 
is a function of both density and drainage; it need not include a consideration 
of the varying biological capacities of the plants themselves in making use of 
the water obtained, as this is obviously subsidiary and subsequejit to the 
action of the two simple factors controlling the obtainable water. 

The practical method adopted for working out the efficiency in the case of 
this forest was as follows. The necessary data are: the water content of the 
soil just before and after a known depth of rainfall, the depth of the soil and 
its specific gravity. If the rainfall is very heavy or the soil very shallow 
or sandy, the saturation capacity of the soil should also be ascertained as 
a check. 

My calculations were made on the basis of an average water content, so 
that they are only approximate. The holard should be taken directly before 
rain, but this was not foreseen when I was on the spot. Still, as the average 
was based on readings taken under conditions varying from drought to heavy 
rain, it should represent pretty closely the amount of water in the soil after 
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two or three dry days, which was the condition at the beginning of the fall 
of rain which was employed for this measurement. 

The specific gravities were found by displacement, the medium employed 
being benzine of specific gravity "bbO. 

Station A. Foot of hill. Mixed sample. Spec, gravity, 2’ 12. 

Station C. Top of hill, near palm society. Spec, gravity, 2-23. 

Hall (1912) gives 2-66 as the average specific gravity of cultivated soils. 
The lightness of these is probably due to the admixture of fine ferric oxide with 
the sandy basis. 

Rainfall Efficiency. 

Station A. 

Average holard per 100 gms. of soil, 9*7 gms. (Taken as representing 
holard before rain.) 

Rainfall, 13‘8 mm. 

Holard after the rain, 10‘8 gms. per cent. 

13*8 mm. of rain on 1 sq. cm. surface, 1-38 gms. of water. 

Depth of soil, 10 cms. 

Volume of soil receiving above amount of rain, 10 c.c. 

10 c.c. of soil weighs 21-2 gms. 

Average holard of 12'2 gms. 2'06 gms. 

Rise in water content following the rain, *23 gms. 

But theoretical amount of water supplied, 1-38 gms. 

Therefore at end of rain only 16‘6 per cent, of this theoretical total was 
to be found in the soil. 


Station C. 

Average holard, 11-6 per cent. 

Rainfall, 13-8 mm., representing 1-38 gms. of water per sq. cm. 

Weight of soil receiving this water 10 x 2*23 = 22‘3 gms. 

22-3 gms. contains average holard of 2-57. 

Rise after rainfall, -38 gm. (which is 27*6 per cent, of the theoretical). 


As this gives us a measure of the direct effect of the fioristic composition 
of a plant association on its water sxipply, it seems desirable to facilitate the 
work by casting it into the form of a single mathematical expression. The 
rainfall efficiency equals : 

Rise in water content of mass of soil with 1 sq. cm. surface area x 100, 
divided by weight of rain falling on 1 sq. cm. 

Let D — depth of soil in cm., G == specific gravity. Weight of rain failing 
on 1 sq. cm. = height of rainfall expressed in cm. = JB. 

HI = water content of soil before rain per 100 gms. of soil 


H2 = 


after 
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Then 


DGH2-DGH1 

_ 

R 


X 100 


DG{H2~Hl) 


Referring back to the graph of the drying rate of the soil it will be seen 
that in the first few hours the loss of weight was small, only about *4 per cent, 
of the soil’s weight during the first three hours, so that in this calculation of 
rainfall efficiency but little can be reckoned as having been lost to the soil by 
drying, as the samples were taken immediately the rain ceased. The only 
other probable supposition is that it had not reached the soil. Station C is 
thus found to have a higher rainfall efficiency than Station A, which I believe 
to be the explanation of the higher water content found after a slight rainfall, 
although the soil had previously been drier. These facts are I think worth this 
consideration, for they have a much wider bearing ecologically than the elu- 
cidation of a single peculiarity. 

3. Discussion of the Rainfall EfiBciency. There can be little doubt 
that the idea here expressed is one of widespread significance to vegetation, a 
factor which may become in some conditions the determinant of the prevailing 
facies. It is a very simple and obvious idea at most, but though often implied 
in ecological writings, has not hitherto been formulated. Even this mere formu- 
lation of an idea, which is all that has been attempted here, has such a decided 
value that it is a pity it is avoided by so many workers in cases where strict 
proof is not immediately available. Formulation clothes an idea with an objec- 
tive reality, reducing it to a plane upon which it can be subjected to logical 
and experimental tests, both alike impossible until an idea has passed beyond 
implication to the stage of categorical expression. The fundamental import- 
ance of expression, as opposed to implication, is one of the bases upon which 
descriptive science must rest its claim of philosophical validity. 

The rainfall efficiency would appear to be one of the most powerful in- 
fluences in eliminating forest associations under diminishing rainfall, as such 
associations themselves effect a further diminution of rainfall up to 80 per cent, 
of the total received. There is a probable correlation between the high effi- 
ciency of grass-land and its existence in areas of scanty rainfall, where but 
for this efficiency its superficial hold of the soil would inhibit its occurrence. 
It would be interesting to see whether different types of woodland could be 
correlated with differing rainfall efficiencies. Theoretically the woodland of 
low efficiency should be confined to areas of high rainfall or very retentive 
soil, though of course it must be recognised that the general drainage of an 
area may affect the efficiency in either direction. 
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(c) Constitution of the Soil. 

1. Analyais of the Soil for Cryatalloide. Analysis of several consti- 
tuents has been carried out with samples of soil from Station A. 

Perhaps the most significant of the mineral salts is calcium carbonate. 

Pine air-dry soil was analysed in a Schrodter flask. There was a scarcely 
perceptible loss in weight, indicating a carbonate content of about -09 per 
cent., a very low figure indeed, soils with as little as -1 per cent, being decidedly 
uncommon. The effect of this is definitely to place a restraint upon the nitri- 
fication of the soil, and upon the liberation of nitrogenous reserves in humic 
decomposition. The amount of “available” phosphoric acid present in the 
forest soil, estimated by the arbitrary system of extraction with a 1 per 
cent, citric acid solution for seven days, proved to be also very small indeed, 
being -0087 gm. per cent, of the weight of dry soil taken, and the amount of 
potash extracted by the same method was infinitesimal, too small for estima- 
tion within the limits of useful probability. Although such measurements are 
conventional they serve a useful purpose in this case at least in emphasising 
clearly the poverty of the soil in manorial elements and they are significant in 
view of the imperfect progress made in reclaiming such land agriculturally. 
To speculate as to the probable causes of this shortage of essential minerals 
is perhaps unprofitable, but one may surmise that primarily the origin of the 
soil may be to blame, and that secondarily the very heavy rains and the rapid 
percolation have together contributed to leach the soil. The inorganic crystal- 
loid which bulks most largely in analysis, though not the most significant from 
the plant’s view- point, is ferric oxide. The raw sub-soil in fact consists of little 
beside ferric oxide and quartz. Iron estimation is easily effected by solution 
in strong hydrochloric acid and subsequent reduction. In the case of the raw 
sub-soil it totalled 20-0 per cent, by weight of the dry soil, and in the forest 
soil 6*25 per cent, of the air-dry soil or 6-8 per cent, of the ignited soil. From 
this latter the humus has disappeared, the underlying red coloration being 
made clearly visible. These estimations are best performed with small portions 
of soil, 5 gms., not more, powdered very finely in an agate mortar, as 
otherwise the bulk of precipitated ferric hydroxide is too great to be easily 
handled. 

The total matter extractable by hydrochloric acid, apart from the iron 
oxide, is strikingly large in comparison with the minute effect of citric acid. 
Forest soil was digested in cone. HCl for three days at 60° C. and the loss in 
weight of mineral matter thus dissolved was 32*3 per cent, of the original dry 
soiF. Subtracting from this 5*25 per cent, of FcgOg we get 27’05 per cent, of 
soluble mineral matter. Time unfortunately prevented the completion of 
this analysis, but the total amounts of phosphoric acid and potash present in 
the soil must be, on this showing, very considerably greater than is indicated 

^ The humm does not appear to be attacked by hydrochloric acid. 
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by the citric acid estimation, which gave such a small result of available salt i 
as to suggest considerable doubt as to its validity. 

2. Analysis for Colloids and Nitrogen. There is some difficulty in esti- 
mating the organic content of the soil owing to the amount of reducible ferric 
oxide present. This affects the sub-soil more particularly, but no doubt in- 
creases the apparent humus content of the top soil as well, for the removal of 
the humus by ignition reveals the presence of quantities of iron oxide, as in 
the sub-soil. Ignition at a low red heat produces the following loss in weight : 

Brown top soil, 6’9 per cent. 

Red sub-soil, 8-89 per cent. 

The latter is certainly an impossible figure, for the soil shows no trace of 
humus coloration in the fresh state. The proportion of ferric oxide in the 
two soils is as 6-25 : 20. Allowing for this reason a proportionate deduction 
from the first of the above figures, we find that the top soil contains approxi- 
mately 3’59 per cent, of humus. This is by no means high, in fact it falls 
below what is found in ordinary agricultural soils in temperate regions, and 
does not tally with a conception of great richness in the soil of the jungle. The 
coarse mechanical structure of the soil, implying a small total surface, enables 
even this small amount of humus to colour the soil considerably more than 
one might expect, an accident which may have fostered the older opinions on 
the subject. 

The safer method of estimation, indicating the relative solubility of the 
humus, and hence presumably its availability to the plant, much in the way 
that the citric acid extract deals with the mineral reserves of the soil, is by 
solution in 4 per cent, ammonia. The soil is continuously agitated m ammonia 
for 24 hours, allowed to settle for two or three days and the amount of organic 
matter in the supernatant solution found by evaporation of an aliquot portion 
and gentle drying. Treated in this way the soil yielded 2-53 per cent, of humus 
in the air dry soil, and judging by the resulting decolourization this must re- 
present very nearly the whole of the humus present. If the estimate of the 
total humus in the last paragraph is correct, then only 1-06 per cent, is in- 
soluble in ammonia; none apparently having been removed by the preliminary 
treatment with hydrochloric acid. 

The most significant fact with regard to the humus is probably its nitrogen 
content. The nitrogen fraction is high in this case, being -225 per cent, of the 
dry soil, or 8*9 per cent, of the soluble humus. Where the humus content of 
the soil is low its proportional content of nitrogen is almost always high, 
according to Hall. This seems to be due to the greater potency of fermentative 
over nitrifying reactions in certain soils. In this case the high temperatures, 
heavy rainfall and good aeration cause a very rapid breakdown in the car- 
bonaceous materials of the humus, with a rapid reduction of weight and the 
evolution of a great deal of CO 2 ; but nitrification is impeded by the absence 
of a suitable base to form nitrogen salts. The proportion of nitrogen in the 
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soil throws very little light on the actual amount available for the plants, and 
it is a matter of observation that soils containing much soluble humus yield 
nitrogen slowly to a crop, apparently because the process of rendering avail- 
able the nitrogen reserves of the humus goes on but slowly. It is impracticable 
to estimate from the soil the amount of available nitrogen. This can best be 
gauged from crops. The amount of humigenous material entering the soil must 
be very great indeed in the case of a rain forest, but the destruction by fer- 
mentation is so rapid and thorough that only a small quantity of actual humus, 
rich in nitrogenous substances, is formed. This may be still further reduced 
by the rapid percolation of a heavy rainfall, so that the nitrogen reserves are 
not as large as would be anticipated. The absence of an available mineral base 
renders it unlikely that a large proportion of the humus nitrogen is actually 
made available for the vegetation. 

Of actual nitrogen fi.xation there is probably little, if any, for soil is decided- 
ly acid. The other conditions, temperature, aeration and water content, are 
altogether favourable, the absence of the base alone prevents the soil becoming 
very rich in nitrogen. On the point of water content, Lipman and Sharp (191G) 
have shown a content of 20-24 per cent, of saturation in the soil (air-dry 
basis) to be the most favourable to nitrogen fixation, a condition corresponding 
closely to that normally found in these soils. 

The condition in the forest seems to be that of a soil rich in humigenous 
material, yielding nitrogen but slowly to form assimilable compounds, and 
almost an impossible medium for nitrogen-fixing micro-organisms. The effect 
of clearing is tremendous. Burning must rqsult in complete sterilization, 
where such heavy vegetation is consumed on a shallow soil, but apart from 
this the supply of humus is cut off, increased aeration assists in the break up of 
the remaining humus with the disintegration of the compound particles of 
the soil. Periods of sun-drying followed by very heavy rainfall on the now 
undefended surface provide ideal conditions for almost complete removal of 
the humus or its soluble derivatives. Given the initial poverty in mineral 
salts, the result is a substratum which is of no value to anything but the rough- 
est and hardiest of plants. 

An attempt has been made to compare the soluble crystalloids with the 
soluble colloids. Water-soluble crystalloids extracted from the dried soil 
amounted to only -IS gm. per cent., although the HCl extract showed over 
30 per cent, of crystalloids to be present. The amount of soluble humus is 
2-53 per cent., as shown above. It seems fair therefore to regard the soil as a 
colloid soil, that is to say ‘‘geloid” according to the classification of Gola 
(1910). 

3. The Soil Solution and Mycorhiza. The possibility that an estimate 
might be made of the hydrogels in the soil, or rather of their importance in 
the adsorption of salts, led to an examination of the soil solutions by a process 
of differential extraction, in the manner described below. The basis of the 
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method was the hypothesis that by drying out, the precipitated hydro-colloids 
would be forced to liberate their adsorbed, compounds. If then the soil be 
rapidly flushed with water, part of which can be at once removed, and the 
same soil be then allowed to stand in a saturated condition for some days, 
until the hydration of the gels allows them to readsorb salts which had been 
at first taken up by the water, then the difference in concentration of the first 
extract and the second, obtained after standing, might afford at least a com- 
parative measure of the adsorptive powers of the soil in question. In order to 
test this, both soil and sub-soil dried in air and rubbed down with a wooden 
pestle were filled into glass tubes covered at their lower ends with soft linen, 
in columns 24" x 1". The lower ends dipped into distilled water, which was 
drawn rapidly up by an air pump, until water rose about one centimetre 
above the upper surface of the soil column. Air was at once readmitted and 
the surplus back-flow collected from the lower ends as the “1st Extract.” 
The soils, now fully saturated, were allowed to stand from Oct. 30th.-Nov. 11th, 
i.e. 13 days, the lower ends dipping into beakers containing a known quantity 
of distilled water in order to maintain saturation. This was I think needless, 
but it was not allowed to affect the result. Corking the tubes at the top would 
have sufficed to maintain saturation. Each soil column absorbed almost ex- 
actly 160 c.c. of water. A corresponding amount was placed in a dropping 
funnel above each column ; next the soil tubes were raised from the water 
beakers and allowed to stop dripping, then the water from the funnels was 
allowed to drop very gently on to the upper surface, from a height of 1 cm. 
at a rate of 10-15 secs, per drop. This water displaces downwards the water 
which has been standing in the soil, and this is collected as the “ 2nd Extract.” 
Not more than 100 c.c. was collected in either case, in order to avoid collecting 
any solution vitiated by admixture with the displacing water, and considering 
the previous saturation of the soils and the slow rate of downward percolation, 
there was little danger of this. 

These extracts were measured in volume, evaporated down and gently 
ignited to remove organic substances dissolved out from the humus. The 
percentage concentrations are given below : 


Forest Soil. 

(-4) 

1st Extract -114 per cent. = 1-9 times B. 


{B) 

2nd Extract *06 per cent. 

Sub-soil. 

iC) 

Ist Extract *01 per cent. = *83 times D. 


(D) 

2nd Extract *012 per cent. 


The water in which the bases of the tubes had been standing was retained 
as “ Diffusion Extract.” The loss of salt into this solution represents a weaken- 
ing of the solution in contact with the soil, in addition to that caused by ad- 
sorption, so that allowance must be made for this 
Diffusion Extract. Soil. {E) *032 per cent. 

Sub-soil. {F) -002 per cent. 

Joarn. of Ecology VII 
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Adding these to the strengths of the Second Extracts we find that the 
proportion between Ist and 2nd Extracts now becomes: 

Soil. 1-25:1. 

Sub-soil. -73 : 1. 

But some part of the diffused salts, had they remained in contact with the 
soil, would probably have been adsorbed, so that the true proportions should 
be somewhat higher than the above. In other words, the first solution ob- 
tained on wetting a dry humus-containing soil is something like 1^ times as 
strong as the final solution, while in a non-humiferous soil this is reversed, 
simple solution apparently increasing the strength of the extract when the 
exposure time is prolonged. This must have a powerful effect on the leaching of 
soils exposed by clearing, as the alternation of sun baking and torrential 
downpours of rain provides the best combination for ensuring the most rapid 
removal of all the adsorbed salts. 

That the soil extract contains organic matter is indicated sufficiently by 
its brownish colour, also a significant index of the presence of unsaturated 
humus. This is confirmed by the apparent strong acidity of the soil extract 
to litmus paper. Unsaturated humus has such a drastic influence on vegeta- 
tion that the osmotic pressure of the soil extracts was determined (by Barger’s 
method) to trace its influence, for admittedly the percentage strength of 
mineral salts alone is no accurate guide to the osmotic pressure of the soil 
solution. 

The solutions were balanced against sodium chloride and the 2nd Extract 
was used. This represented the solution in a perfectly saturated soil, a con- 
dition almost unattainable under natiiral conditions in a porous soil like this, 
so that its concentration may be looked upon as the minimiim. 

Soil— 2nd Extract = -1 gm. mol. NaCl = 4-35 atmos. 

Subsoil — 2nd Extract — -05 gra. mol. NaCl — 2-17 atmos. 

It will be seen that the pressures of these extracts are in no way propor- 
tional to the percentage crystalloid strengths, which were in the ratio of 5 ; 1 ; 
at the same time a minimum osmotic pressure of over 4 atmospheres is re- 
markably high for a soil which yields so dilute a soil solution, and we can only 
conclude that the humus is responsible. That “ raw ” or unsaturated humus is 
present the reaction to litmus paper leaves no doubt, and it is to this that 
I believe can be traced in large measure the difficulties in the way of Toot 
absorption, remarked upon in Section A as adumbrated by the character of 
the sub-aerial organs^. Referring to the work of Gola (1910) as set forth by 
Cavers (1914) in which an attempt is made to institute classes of habitat 
based on the soil solutions, the forest in Southern Brazil would fall into that 
cumbrously denominated “eustatic geloid pedomesophytic.” It has been 
previously remarked that in spite of the open and porous nature of the soil, 

^ See page 42* 
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the close texture of the sub-soil and the extremely fine colloidal clay which 
it contains, in conjunction with the great humidity of the air above the soil, 
maintain a considerable edaphic water supply, so that xerornorphy of the 
aerial portions is not brought about by direct water starvation. These are 
not conditions under which unsaturated or acid humus would be expected 
to form, but there are several peculiarities of the situation which may bear 
on this difficulty. Firstly, there is the deep shade, in regard to which figures 
are given under the proper heading in Part 11. Secondly, the high soil tem- 
peratures. Records were kept of the soil temperatures at the surface and at 
a depth of 1 foot. These are presented in Pig. 3, where the thick line represents 
the temperature at the surface, the dotted line at a depth of 1 foot. They are 
consistently high, but the 1 foot level lags much behind the surface in the higher 
readings. Lastly there is the very thin layer of almost pure humus lying on 



Fio. 13. Soil Temporaturcs in the Forest, during part of Nov, and Dec. 1912. Tiie continuous 
line represents the surface temperature and the dotted line that at one foot depth. Tin re 
is a certain general correspondence in the two curves, which aoi both on a somewhat 
high plane, but the surface is liable to greater and more sudden riuctuations. At this 
time of the year (summer) it is warmer at the siuiace than at 1 ft. depth, evtai though 
under the forest sliade. 

the soil surfaee, formed from the perpetual leaf covering, the products from 
which wash down into the soil itself. This is most probably the soui'ce of the 
unsaturated humus, the effects of which we can trace in the soil solution. 
Humification goes on chiefly in this compact, water-holding layer, and only 
to a lesser extent under the better aerated conditions below, hi the soil itself; 
thus parallelising in some degree the conditions obtaining in our own beech 
woods, but that the rapidity of fermentative decay prevents a like accumula- 
tion of humus, at least in most places. 

Under such conditions one would expect mycorhiza to be abundant. 
This is the case. The humifying layer is very thin, only an inch or so, but both 
that and the surface of the soil are extremely prolific in myceha, while the 
number of mycotrophic plants is unquestionably large. 

Janse (1897) gives a list of the mycorhiza found by him m the forests 
round Buitenzorg. He examined 76 species, of which 65 came from virgin 
forest, and 69 possessed mycorhiza. These figures speak for themselves. 

10—2 
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Many of the genera given in his list occur also in the Brazilian forests, and from 
these data and nay own observations the following list of genera known to 
consist wholly or largely of mycotrophic plants is compiled, exclusive of holo- 
saprophytes: 


Lycopodium 

Anthurium 

Casearia 

Sduginella 

Paspalum 

Eugenia 

Psilotum 

Ficus 

Ardisia 

Cyathea 

Celtis 

Symplocos 

Botrychium 

Irnpatiens 

Solanum 

Araucaria 

Vitis 

Datura 

Curculigo (occurs as a denizen) 

Begonia 

Rauwolfia 

Calamus 

Tihouchina 

Vemonm 


This list is very short, taking into consideration the huge number of species 
that go to make up a jungle, but it is a very representative one, and judging 
by analogy with similar woodlands on humus soils in temperate regions, there 
is the greatest likelihood that many more undergrowth plants will be found to 
be in the same condition. 

Stahl’s remarks (1900), that mycotrophic plants are characterized by slow 
growth and the absence of foliar starch, certainly do not apply to the observed 
cases in Brazil. 


PART II. ILLUMINATION. 

(a) Nature of the Illumination. 

1. General Descriptive. The great depth of humid air prevailing over 
the coastal lands of Brazil reduces the heat greatly, but does not affect the 
amount of light, or only slightly if at all. 

From November to March the midday sun is vertical, and illumination at 
its maximum; but my own hill faced E.S.E., only receiving perpendicular 
insolation in morning and forenoon. Some idea of the intensity of insolation 
may be gained from the records of radiation, taken with the black-bulb 
thermometer in vacm at the Observatory, Rio. These are reproduced in 
Fig. 4 : the readings represent the noontide intensity, and reach a very high 
level. Solar radiation has for its reciprocal the extent of nebulosity. The 
nebulosity is at its minimum at midday, so that the records of sun radiation 
given in the graph pfobably represent the absolute maxima. Annual nebu- 
losity-variation curves show that the period covered by this record is one of 
super-normal nebulosity. The latter is maximal in the first week of October, 
minimal at the middle of July. This means that in the cold season clarity of 
the heavens may compensate for a lesser angle of sun, maintaining thus a 
high illumination factor, although the heat received has diminished. 
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The upper layers of the forest receive an intense illumination. These layers 
are the so-called “high forest,” the trees of which average about ten feet 
apart, the spaces between their trunks filled in by a dense mass of shrubs of 
irregular height and outline forming the undergrowth, beneath which grow 
in scattered array the lowly herbs of the shade. 

The shade cast by the high trees is not at any time very dense in these hill 
forests, though things may be different in this respect in the valley forests 
of the Amazon basin, of which wonderful tales are told. The commonest trees 
are Mimoseae with multipinnate leaves, which are nyctitropic. These cast 
a very thin shade and as the leaflets only “wake” and unfold when full sun 
strikes them , there is a considerable period each morning when they cast little 
shade at all. Lianes are important as welders of the tree tops, increasing the 
shade very greatly. Any increase in shade thrown by the trees acts much 
more on the shrub layer than upon the ground plants, tending to reduce the 
three levels of the forest to two. The herbs already endure profound shadow, 
and thickening of the tree canopy makes small difference to them. 

The leaf mosaic of the shrub layer is unusually good, and this divides the 
forest pretty clearly into two regions, albeit not very evenly or regularly. 
Above the shrubs the smaller trees and the epiphytes live in comparative 
light, while below is darkness. 

The only other description of the interior lighting of the forest that I know 
of is that of Lindman (1906). On page 243 of his description of Rio Grande, 
he speaks of the light as “azul.” This is not very noticeable, in my experience, 
but it is impossible to distinguish by eye the quality of the light apart from 
the colour of the principal reflecting surfaces, which being mostly leaves give 
the appearance of a preponderating tinge of green to visual perception.' 

2. Photometric Measures. Photometric measures were made in simple 
fashion by the use of an Imperial Photographic Exposure-meter, in which a 
standard sensitive paper darkens to a standard tint. These exposure meters 
are very convenient measures for practical purposes, though the results are 
purely of comparative value and tell one little about the absolute value of the 
light. Readings were taken both in full sunlight in the gardens and in the 
forest on the ground level. In order to get a measure of the portions of white 
light more directly concerned in photosynthesis, that is to say a better esti- 
mate of the light as it affects the plant rather than the photosensitive paper, 
a special gelatine filter was used which cuts off the blue end of the spectrum 
completely, without appreciably diminishing the intensity of the rest. This 
very useful contrivance enables one to compare the intensity of the yellow and 
yellow-green, i.e. the synthetically active rays, under different circumstances. 
The gelatine filter is supplied by Messrs Wratten and Wainwright of Croydon^ 
under the name of “Minus-Blue.” It is simply placed over the paper of the 
photometer and the time of darkening observed as usual. The darkening can 

* Now a branch of Kodak Ltd. 
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be observed perfectly through the gelatine. This idea might perhaps be ex- 
tended to the use of filters passing yellow and orange ojily, but to make the 
exposure time practicably short this would mean using a specially sensitised 
paper, which would prevent direct comparison with the full “ white ” intensity. 

Below are given the readings taken in open sunlight; 


Date 


White 

Minus -Blue 

Oct. 20tli ... 


3 secs. 

30 secs. 

29th ... 


2 

30 „ 

„ .30th ... 


... () , , 

3 min. 45 secs. 

„ 31st ... 


91 

... .-2 

30 secs. 

Nov. 1st 


... 2A „ 

30 „ 

„ 3rd 


2 ,, 

27 „ 

,, 4 th 


9 

... . 

25 „ 

„ 5th 


9 

... _ ,, 

25 

Oth 


... 3 

30 „ 


Average ratio of photometer time: 

White 1 : Minus-Blue 11-7 
denoting relative photochemical intensities of : 

1 : -085. 

The effect of a cloud layer under a vertical sun seems to be less than 
in a temperate climate. The sunlight is intrinsically more actinic, and this 
superiority is not neutralized by filtration through clouds, lor even under 
a densely clouded sky on Oct. 30th the photometer time did not rise above 
6 secs. In the forest only readings for white light were obtained. 

Photometric times in forest; 

In a sun -Hock In deop shade 

Nov. (Uli 25 secs. 7 mins. 

The average intensity for outside being taken as 1, these equal -12 : •0072, 
while their proportion to each other is 1 : *06. 

The tremendous difference made by the sun-flecLs is clear, and they must 
have a manifest effect upon the ground flora, as they produce local increases 
of nearly 17 times the shade illumination. In order to give a better idea of 
what the above figures mean some similar observations taken at Reading are 
appended. 

June 15th, 1915. Fine summer day, clear sky. 

Photometer times: 

White Minus-Blue 

10.15 a.m. ... 3 secs. 60 sees. 

11.0 a.m. ... 2 „ 1 min. 

12.0 NOON ... 3i „ I min. 35 secs. 

12..3() r.M. ... 5 „ 2 mins. 25 secs. 

3.0 p.M. ... 5 „ 1 min. 15 secs. 

Average ratio of photometer time: White 1 : Minus-Blue 23*0. 
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Denoting relative intensities of : 1 ; *044, compared with 1 : *086 in Eio. 

And the ratio of White intensity in England to the same in Rio ia; 

Rio 1 : England '66. 

The Minus-blue intensity in England was therefore only *62 of the same 
light in Rio. 

Thus the light at Rio was richer in photosynthetic rays, not only absolutely 
but also proportionately. 

In the table given above it is interesting to note that the proportion of 
assimilatory light to total white light rises with the decline of the sun. The 
preponderance of yellow light in the afternoon is well known to photographers, 
but I doubt if the significance of the fact in the photosynthesis of vegetation 
has been properly estimated. 

It is evident that the absence of minus-blue readings from inside the forest 
leaves us unable to form a judgment as to the full value of what light there 
is there. Such readings cannot be easily taken. The exposure time is so long 
that the sun moves quite appreciably (it takes from one hour to 1^ hours, 
roughly) and all sorts of variations of lighting occur during the period. Of 
course knowing the average ratio between white and minus-blue intensities 
outside, we might calculate the theoretical min\i8-blue intensity inside, but the 
unexpected difference in the proportional constitution of the light in England 
and Rio raises the question whether such a proportion would be valid. Further 
consideration of the lighting of the forest floor renders it even more dubious. 
Outside of sun-flecks the amount of direct light reaching the ground flora is 
very small. The occlusion of almost all diffuse light from the sky by the 
high trees is evidenced by the remarkable darkening perceptible when the 
direct sunlight leaves the forest. Now that diffuse light which does' reach 
shaded parts is reflected from surfaces within the forest, and chiefly from 
leaves. An attempt was made, based on these considerations, to analyse the 
lighting by spectroscopic means. 

3. Spectroscopic Measures. The leaves of the undergrowth being the 
principal reflecting surfaces the obvious thing to do was to examine the relative 
intensity of cardinal points in the spectrum reflected from leaves of different 
shades of green, compared with pure white light, in order to obtain informa- 
tion as to the constitution of the diffuse light. The method of examination 
was this. Three common species were chosen, covering the extremes of leaf 
tint observed. These were species of Ocotea, Sajnndus and Artocarpus (in 
order of density of coloration) and the apparatus shown in Fig. 6 was set 
up for their examination. It was necessary to, work to an average in this way 
as not many species could be examined, and there is no generally prevailing 
tint. • * • 

The diagram is self-explanatory, except as to the actual method of measure- 
ment. This was effected by means of a polariser and rotating analyser 



R. C. McLean 


145 


att&cli6(i to the eyepiece of the spectrometer. With light of varying intensity 
the perception of the point of total extinction varies proportionately to the 
intensity, though not within wide limits, thus affording a means of direct 
measurement. A similar principle is embodied in the Heyde’s exposure 
meter and in Huf ner’s spectrophotometer. As a standard of “ Albido ” several 
thicknesses of filter paper (Munktell’s No. 2) did well. 

The analyser prism was set to be parallel to the polariser with the pointer 
at zero of the scale, and the intensity was measured by the degrees of rotation 
to the extinction point. The dispersion of the spectrometer was sufficient to 
secure monochromatic fields of view. 

Illumination was at first attempted with a heliostat fixed in the open. 



Fig. 5. Plan of Apparatus employed for photometry of the spectia reflected 

from various surfaces 


but this proving insufficiently reliable, the arrangement shown in the figure 
was adopted. The whole was placed in a dark room. A 200 c.p. arc with con- 
tinuous current was then set up at about 60 cms. from the reflecting surface, 
an alum trough and pierced screen being interposed. The reflecting surface 
was 4 cms. from the slit, which was 1 mm. in width. The colours measured 
were : 

Red, A 6600. Green, A 5800. Blue, A 4800. 

During the process of reading there is a noticeable increase in the amount 
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of red reflected from the leaf. This is doubtless a morbid phenomenon due to 
^ destruction of the chlorophyll under the brilliant light employed. On this 
account the readings should be taken as quickly as possible, and red examined 
first. 

The final result of these measurements is given in Fig. 6. Two ways of 
regarding the results are necessary, viz. their intensities relative to the same 
colours in pure white light, and their intensities relative to each other. An 
inspection of the diagram will show that the absolute amount of diminution 
in reflection from a green surface is less than one would expect. Thus the 
average intensities relative to those in white light work out to: 

Red, -883, Green, -860, Blue, *804 



Fia. f). Spoctio8copic measures of light reflected from forest leaves. The total length of 
each “spectrum” rt‘-pre8onts the total amount of light of these three colours reflected 
in each ease, and the sections show the relative amount of each separate colour. The'figures 
represent the ratio of each segment to the corresponding colour-segment in the standard 
“spectrum” (taken from white filter- paper). It will be noticed that the highest aggregate 
ratio is in the red. 


of the corresponding colours reflected from the white standard. On the average 
red is decreased less than the other colours, although the amount of red 
reflected decreases with greater intensity of leaf tint, while the blue proportion 
rise8„ This represents only the proportional diminution occurring in reflection 
from the leaves; the actual intensity is dependent, obviously, on the intensity 
in the white light. Turning to the leaf-reflected spectra themselves we find 
that the average intensities inter se are : 

Red, M85, Green, M76, Blue, 1-0. 

On both counts therefore red, not green or blue, is preponderant in the 
diffuse light of the forest. That this circumstance renders the diffuse, reflected 
light of more value for photosynthesis than might have been supposed from 
the photometer measures is evident. 

Utilising this information w« are now able to form an estimate of the 




R. C. M^^Lban. 


147 


assimilatory lighting in the forest shade. By photometer. we found that the 
actinic light in deep shade as compared with full, meridian sunlight was re- 
duced from 1 to -0072. Now judging by the proportional luminosity of red and 
blue in the forest light, as found above, the assimilatory lighting only appears 
to be reduced from 1 to -0085. This may not seem much, but interpreted into 
photometer time it is worth consideration — thus : 

Photometer time of minus-blue in deep shade: 

A. Calculated from proportions obtaining in full sunlight = 1 hour 22 mins. 

B. Calculated from true proportions in shade = 1 hour 9 mins. 



Fic. 7. a, Phy^uriWf "P.S. of loaf; h, PhyauruSy 8toma, surface view; c, Phys'urus, Stoma, 
seclioiial view; t/, (Jo<^tus spicains, T.S. of leaf. i\ll x 24^0. 

{ h ) The Leaves in Relation to Illumination. 

1. Structure. The morphological characters of the leaves have been 
dealt with to some extent under the transpiration question, but some further 
reference is needed here from the point of view of photosynthesis. 

Broadly speaking the outstanding characters of the forest leaves are: 

Their considerable size, and firm texture; their excellent mosaic; small 
number per individual plant; frequently perpendicular lamina; elongation at 
tip; lanceolate or ovate-cordate outline. 

The cordate form is particularly common among climbers, and the basal 
auricles are extended well beyond the slender stems. As the leaves so often 
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point upwards, it is probable that this form facilitates drainage, particularly 
in channelled leaves. 

Anatomically there ar§ many peculiarities. The following are brief notes 
of the features of those species mentioned on page 38 in Part I; as seen in 
cross section. 

Physurus sp., Orchidaceae. Low herb. Fig. 1 a, h and c. 

Epidermis on both sides swollen, aqueous. Upper surface with markedly 
pyramidal calls. Mesophyll quite undifferentiated, small interspaces; only 
3-4 cells thick. 

Tradescantia discolor, Coramelinaceae. Low herb. Fig. 8 e and jf. 

(1) Light form, very large aqueous epidermis and hypoderm. Mesophyll 
four cells thick, formed of small parenchyma. Chloroplasts more in upper 
layer. Interspaces very small. 

(2) Shade form. Epidermis as above, hypoderm only over mid-rib. 
Upper cells of mesophyll with tendency to V-shape. 

Ficm ruhigmosa. MoracCae. Tall shrub. 

Epidermis large, flat, aqueous. Mesophyll extensive, no proper palisade. 
Upper layers small celled, compact, rich in chlorophyll, rest very lacunar. 

Costus spicatus, Zingiberaceae. Tall herb. Fig. 7 d. 

Epidermis normal; large celled colourless hypoderm above, probably 
aqueous. Mesophyll extensive, very lacunar, but upper layer formed of 
V-shaped cells with chloroplasts aggregated at their points. 

Anthurium sp., Araceae. Low herb. 

Epidermis swollen, aqueous, flat. Mesophyll very lacunar. Two upper 
layers of small cells, close, with abundant chlorophyll; rest practically colour- 
less, but containing octahedral crystals. Radially elongated collecting, cells 
round the veins. 

Mapouria tristis, Rubiaceae. Shrub. 

Epidermis large, good cuticle. Palisade of short fat cells, very chloro- 
phyllose. Spongy mesophyll slight and very lacunar. Lowermost layer 
markedly chlorophyllose. 

Echites peltatm, Apocynaceae. Shrub. 

Epidermis strongly thickened, with labyrinthine ridges, giving velvety 
surface. Palisade of short, conical cells, loose. Spongy layer very scanty and 
loose. 

Asterocaryum Airi, Palmaceae. Small tree. Fig. 8 k. 

All cells small and thick walled. Strongly thickened epidermis and 
hypoderm, both of elongated cells, crossing at angle of 80°. Epidermis wears 
off in patches. Mesophyll undifferentiated. 

Gomphia empidata, Ochnaceae. Shrub. 

Epidermis normal. Palisade loose, short cells. Spongy tissue with 
V-shaped chlorophyllose collecting cells. Rest almost colourless. 

Solatium autieulatum, Solanaceae. Shrub. Fig. 8 g and h. 
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Epidermal cells normal with labyrinthine ridges on surface. Upper 
epidermal cells occluded by brown deposit. Loose palisade. Spongy tissue 
almost non-existent, reduced to a few cells only in large empty space. 

Mimosa sepiaria, Leguminosae. Tree. Fig. 8/. 

Epidermis strongly thickened. No hypoderm. Palisade very loose. 
Spongy mesophyll extremely tenuous but well supplied with chlorophyll. 

Passiflora macrocarpa, Passifloraceae. Liane. 

Epidermis large celled. Mesophyll only four cells thick, chlorophyll 
chiefly in upper and lower layers. Interspaces form large gaps in mesophyll. 

Three facts emerge conspicuously in comparison of these notes. Firstly 



form, X 240; /, Mimosa sepiaria, T.8. of leaf, x 120; Solanum auriculatum, T..S. of leaf. 
X 240; h, Solanum auriculatum, Stoma, surface view, x 240; i, SolaHitm .sp.. Stoma, sectional 
view, X 240; k, Asierocaryum Airi, Stoma, sectional view, x 240. 

the prevalence of a water storage epidermis. This is just what might be anti- 
cipated from the conclusions of Part I, namely that the leaves were subject 
to sudden calls upon their transpiring power greater than their normal capacity 
allows for. The secbnd is the slight differentiation of the mesophyll and the 
tendency to localize the chlorophyll near the leaf surface, owing no doubt to 
the slight penetration of the dim light; and the third is the occasional appear- 
ance of V-shaped assimilating cells, recalling those of the protonema in the 
moss Schistostega. In the latter case they have been interpreted as reflectors 
for concentrating the light upon the chloroplasts, which, as in these leaves. 
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are agglomerated at the point of the sub-conical cell. If the supposition is 
well-founded in the case of the moss, doubtless the same interpretation is 
here applicable. Contrasted with leaves taken from the Restinga bush on the 
shore, exposed to full insolation, the characteristics of the shade leaves appear 
to be more or less uniform. 

The sun leaves contrast with them all in these points: Epidermis and 
hypoderm together, several layers thick, stout walled. Palisade very well 
marked, often 3 layers deep, spongy layer closer. Stouter cuticle and generally 
tougher texture. 

In the mind of the careful observer there can be no doubt that the lanceo- 
late, entire and glabrous leaf is the predominant type through all the families 
of the forest. This convergence can also be expressed statistically and yields 
a striking result. The prevalent surface, on the other hand, is a more subtle 
thing to estimate, for so much depends on opinion ; but, in spite of some marked 
exceptions, smooth surfaces are the rule, many polished, and not a few 
glaucous. The exceptions are the hairy and velvety leaves. That these dry 
quicker after wetting there can be no doubt — their surface is much greater — 
but whether they obtain any marked advantage in this, especially regarding 
freedom from epiphyllae, requires exact investigation, not mere expression 
of opinion. The similarity of foliage in plants of such diverse affinities can only 
be explained on physiological grounds, in other words a convergence towards 
a common form best suited to the environment. The convergence is so close 
that in the barren condition it is next to impossible to identify the genus of 
a plant of the undergrowth, and practice is needed even to guess the family. 

Plants of the lower layers have remarkably few leaves as a rule, and these 
tend to be placed in a few planes or borne in tufts at the ends of branches 
otherwise bare. Thus the bushes are very “leggy” though dense at the actual 
level of the leaves. Judging from the accounts given by earlier writers, there 
seems to be a prevalent idea that the leaves in the shade of jungles reach 
abnormal dimensions, and this is supported by experiments made elsewhere on 
the effect of shading on leaf size. Scott-Elliot however (1891) by observation 
showed that in Helianthus the contrary was the case. Leaves, he says, in 
moist air appear to be narrower than leaves in dry air, and from this have 
smaller surface. Sunlight produces larger leaves than shade on plants of the 
same species, and he goes further and maintains that enlarged leaves are 
characteristic of heliophytes as a whole. He quotes from Sorauer {Bot. 
Zeitung. Bd. ix. Pt I, 1878) to the effect that leaves become actually as well 
as relatively longer in sunshine. 

The truth of these observations was tested by a series of comparative 
measurements. 

2. Dimensions and Variation. As a basis for comparison, measure- 
ments were made of the length and breadth of 1000 leaves, taken from 100 
species, of which fiftyg were |pronounced sciophytes, and fifty equally pro- 
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nounced heliophytes. The predominance of simple, petiolate leaves made ac- 
curate comparison possible. Ten leaves were taken from each species, withered 
or immature ones being avoided. The ratio of length to breadth was found for 
every case and averages taken both for all shade and all sun leaves as indi- 
viduals, and also for the leaves of each species together^. By this means some 
idea of the relative variability of the species may be gained. It is hardly to 
be expected that any constant of variation should exist over the entire popu- 
lation of a habitat, but something of the sort may probably exist for each 
species; indeed biometrical examination of the range of variation in species 
may be regarded as promising to lead to a much clearer conception of that 
disputable unit. The general results are shown in Fig. 9, in which one portion 
deals with the ratios of all the leaves, another with the specific averages. It 
will be seen that in both cases the curves arc of the same general type. 

In Fig. 9, curve A, which represents the sun leaves, is much steeper and 
simpler than curve B, the shade leaves. The range of ratios starts from almost 
the same pointT, i.e. Length 

Breadth 

but the sun curve culminates rapidly at 1*7 (57 individuals) and stops at ratio 
5, while the shade curve has two summits rather widely separated, one at 
ratio 2 (27 cases), the other at 2-8 (27 cases) and runs up to ratio 8-5 (neglecting 
one anomalous case of a ratio 13'5). 

The average ratio for sun leaves is 1-75, very close to the summit of the 
curve; that for shade leaves 3-()3 (L73 times as much) which is beyond eithrr 
summit of that curve. In other words the ratio of length to breadth in shade 
leaves is greater (in the above proportion) than in sun leave.-; The latter also 
appear to be more stable in type, with a simpler variation curve than the for- 
mer. The ratio does not however convey any information as to actual sizes. 

The average breadth of the sun leaves was 4'93 cms., and their average 
length was 8-63 cms., giving a rectangular area of 41-8 sq. cms. 

The average breadth of the shade leaves was 3-54 cms., and their average 
length was 10-72 cms., giving a rectangular area of 37-9 sq. cms. 

The length is more variable in the shade leaves than in the sun, but the 
breadth is more variable in the sun leaves, in approximately the same pro- 
portion, so that altogether the actual areas appear to be nearly the same, 
the shade leaf being on the average longer and narrower. 

The length/breadth ratio in sun leaves varies from -8 to 5-0. Range -= 4-2. 

In shade leaves it varies from -7 to 8-5. Range — 7-8 or 1-86 times as 
much. The variation in form is thus 1-86 times greater in shade than in sun 
leaves. In all likelihood the sun plants are under much more uniform con- 
ditions than those of the shade, exposed as they are to many accidents of 

* I am much indebted to my wife for carrying out the laborious business of working out the 
ratios and constructing these graphs. 
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circumstance in lighting. Turning now to the species as a unit, we find as 
before that the curve of the sun ratios culminates at 1-7, that of the shade at 
2'2 and 2*9. The range of variation is however smaller: 

Sun == 1-0-4-3. Range = 3-3. 

Shade = 0-8~7*3. Range = 6-6 = 1*97 times as much. 

In this case the proportionate variability of the shade leaves is slightly 
greater (1*97 : 1*86). 

Some species in both habitats are obviously much more plastic than others. 
The following is the range of variation within single species: 

Sun plants: smallest variation 0-15. 

greatest ,, 1*70. Difference 1*55, 

Shade plants: smallest variation 02 

greatest ,, 3*2. Difference 3*0, 

or an extreme range of specific variation of 1-93 times as much. 

The average range of specific variation within each liabitat was, on the 
other hand: 

(A) Sun plants: 063. 

(B) Shade plants: 1*17, or 1*86 times as much. 

In every case the balance of variability is heavily on the side of the shade 
plants. 

The range of variation for the leaves individually was, it will be recalled: 

(C) Sun leaves: 4*2, 

(D) Shade leaves: 7*8, 
which is also 1-86 times as much. 

This is rather a suggestive result. A : B C : D, but also A : C ^ B : D; 
that is to say it appears from the foregoing figures, relevant to two contrasted 
habitats, that the average variation of leaf-size in the separate species of a 
habitat is a function of the extreme variation of leaf-size in the plants of the 
habitat as a whole. In simpler language, the greater the total range of leaf- 
size in any given habitat, the greater the intrinsic variability of leaf in 
the species there occurring. In interpreting such a maxim it is important 
however to discern that the term "‘habitat'’ must in this connection be taken 
as defined by climatic, not edaphic factors. Much interest might no doubt be 
extracted from the comparison, in a similar manner, of organs directly under 
the influence of edaphic factors. In regard to the relative constancy of size 
in the two cases dealt with above, it is worth notice that: 

Among sun leaves 11-4 per cent, fell on one ratio, viz. 1*7. 

Among shade leaves the greatest number falling on a single ratio was 
5-4 per cent., viz. on 2 and 2*8. 

I have little doubt that the elongated apices described by Stahl (1893) as 
“drip-tips” find a simple and unteleological explanation in the general elonga- 
tion which is here shown to be well marked among shade leaves. 

As before mentioned under this heading the arithmetical investigation of 
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specific characters, especially such as lend themselves to easy measurement, 
like those I have dealt with, should be urged as the key to a much closer 
analysis of biological units than can ever be possible by descriptive methods 
alone. 

3. Red Coloration in Young Foliage. One of the minor problems 
associated with the study of shade vegetation is that of the frequent red 
coloration of young leaves which is a feature of the more pronounced scio- 
phytes, a peculiarity rendered all the more obscure by the occurrence of similar 
colours in the young leaves of some extreme heliophytes. It is not confined to 
Angiosperms, but it is common among the ferns, and moreover persists under 
cultural conditions. An exactly similar appearance may be seen during the 
vernation of undergrowth in this country, and the author has noticed it con- 
spicuously in coppiced hornbean in the shade of standard oaks, and also in 
hawthorn. The explanation hitherto offered is that this colour is concerned 
with the more effective absorption of light, an explanation based solely on 
analogy with the Rhodophyceae, not on experimental grounds. It is difficult 
to apply this hypothesis to the heliophytes. The latter were shown by Keeble 
(1895) to reflect heat better if coloured red than green, which seems to give 
reasonable ground for regarding that case at least as protective. The scio- 
phytes are obviously in a different category ; they stand in need of no protec- 
tion, but they are likely to require ameliorated conditions of assimilation. It 
does not appear to have been stated clearly anywhere that the two colorations 
are absolutely distinct; that in the heliophytes is a sap coloration of antho- 
cyanin, acting as a shield against the sun, that of the sciophyte is a plastid 
coloration of erythrophyll. It is on this ground that its interpretation as 
an augmenter of assimilation is possible. We have seen, however, that red 
and not green light is preponderant in the forest, so that the differential 
absorption presumed to exist would not be accomplished by the development 
of red colouring matter. Protection being excluded, it only remains to suppose 
that the red leaves are specialized in respect of respiration. Reduced respira- 
tion would unquestionably increase their assimilatory efficiency. This point 
has been tested, though not exhaustively. Red young leaves, and leaves which 
had just gained their normal colour were selected from a plant of Eugenia 
{E. guabiju Bg.) and enclosed in glass vessels with glycerine manometers 
attached, and tubes containing potash to absorb the COg given off. The com- 
parative rise in the gl 3 merine column is shown in the graph. Fig. 10. It is only 
possible to continue readings with leaves removed from their parent plants 
for a short time, otherwise a pathological increase in respiration becomes 
inevitable. In the diagram A is the graph of the red leaves, B of the green 
leaves, and it will readily be seen that the respiration of the former is greater 
than that of the latter, the manometer tubes having exactly the same bore. 
This fact makes the red coloration appear as a disadvantage to a shade plant, 
inasmuch as increase of respiration implies decreased assimilatory efficiency. 
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It is clear that some other cause must be sought to account for this pheno- 
menon, which remains for the present an unsolved puzzle. 

(c) Respiration. 

1. Respiration Measurements. Supplementary to the question of the 
relative respiratory powers of red and green young leaves acting in their 
normal environment, is the further topic of the behaviour of normal sun and 



Fig. 10. Respiration of equal weights of shade loaves, red coloured (upper line) and green 
coloured (lower line) of the same species of E'ligenia from the forest undergrowth. Measured 
by the rise of glycerine, the evolved CX), being absorbed by jiotash. 


shade leaves comparatively to each other in this respect. The only apparatus 
available for measurement was crude, depending on the measurement of a 
rise in a column of mercury, as in the respirometers commonly used with 
germinating seeds, but care was taken to minimise the inherent imperfection 
of such a method. Sun leaves from a plant of Psychotria in the gardens and 

11-2 
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shade leaves from a species of Mapouria {M. tristis v. M.) were compared 
together respiring in the sun. 

Nov. 29th. In sun. Radiation temperature at noon (black bulb in vacuo) 
45° C. 

Exposure for 22 hours, from noon on the 29th till 10 a.m. on the 30th. 

Weight of leaves used: 

Sun (PsycJu)tri(i) ’641 gm. 

Shade (Mapouria) -426 gm. 

of approximately the same size and stage of development. 

During the above period the COg evolved was: 

Sun leaves: 1-48 c.c. per gm. of leaf, 

Shade leaves : 3'28 c.c. per gm. of leaf, 

or 2-2 times as much as the sun leaves. The shade leaves eventually blackened 
and died, although in a moist chamber, so that the result is probably patho- 
logical. It does not seem possible to get a fair comparison of their behaviour 
in the sun, except in so far that the shade leaf is more sensitive to exposure 
than the sun leaf. Several reasons may contribute to this. The chlorophyll 
of the shade leaf is more exposed, the colourless tissues being less developed 
and the cuticle thinner. Now increased “ chlorovaporisation ” (to use Van 
Tieghem’s term) should lead to greater cooling, if the water supply were 
adequate, which we have seen in Part I is not the case with the shade leaf. It 
cannot take in water up to its total diffusive capacity, which is in any case less 
than that of sun leaves, so that the cooling possible by evaporation is of very 
limited extent. As the leaves are in COg-free and very moist air, more light 
energy is converted into heat than normally, leading to a fatal rise of tem- 
perature in the chloroplasts. 

These results, though imperfect, raise the question of the general validity 
of the belief that respiration is reduced in shade plants. If the respiration is 
really high, then some effect of it in raising the COg percentage of the air in 
the dense masses of forest vegetation might be perceptible, especially at the 
end of the night. It seems possible that the extent of decay would produce a 
rather unusually high percentage in any case, but only the amount contributed 
by respiration would be expected to show a diurnal fluctuation. 

2. Carbon Dioxide in the Forest Air. Two estimations of the COj were 
made by Pettenkofer’s method, one in the evening and one in the morning. 
A five litre flask was fitted with a bung through which passed the tube of 
a 200 c.c. stoppered funnel. The flask was filled with water and 150 c.c. of a 
saturated solution of baryta was introduced into the funnel and the flask 
bunged. It was then removed to the forest and the water poured out slowly, 
the flask being held at 1| metres above the ground at the same spot each 
time, among dense, shrubby undergrowth. The baryta was then run into the 
flask from the funnel and shaken about for 10-15 mins. The flask was in- 
verted, the stop cock of the funnel opened, and as much baryta as possible 
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allowed to run back into the funnel. For this purpose it is essential to employ 
a funnel with a wide bore tube and tap, otherwise the baryta will not run back. 
Aliquot parts may then be pipetted oif from the funnel and titrated against 
equal quantities of the original solution. This method is easy to carry out 
and seems suitable for such experiments. 

The acid employed was sulphuric, of such strength that 1 c.c. ^ -00061 4 gm. 
or -312 c.c. of COg. 

Experiment L Dec. 29th. Humidity high, no rain. 

Radiation temperature at noon, 50^ C. 

Evening, 5.30 p.m. Before sunset; no wind. 

COg in 5000 c.c. air neutralized the baryta equivalent of 24-0 c.c. of acid 
= *14 c.c. of CO 2 per cent, of air at n.t.p. 

Experiment II. Dec. 30th. Morning, 6.30, 2 hours after sunrise. The night 
was fine, warm and open; no rain, no wind. 

CO 2 in 5000 c.c. air neutralized the baryta equivalent of 59*25 c.c. of acid 
^ *34 c.c. of CO 2 per cent, of air at n.t.p. 

These are decidedly supernormal percentages, and it is obvious that in the 
absence of wind the night respiration has a very marked effect on the amount 
present in the forest air. A certain amount of work has already been done on 
the effect on plants of high percentages of CO 2 ; particularly Brown and 
Escombe (1902), Demoussy (1904) and Farmer and Chandler (1902). These 
investigations agree that the surface of the plant in high percentages of COg 
(•1--5 per cent.) undergoes limitation, that flowering is inhibited, and that the 
leaves show abundant starch; while Farmer and Chandler remark increased 
intercellular space. In all these particulars the vegetation of the forest under^ 
growth affords the recognizable characters of a carbon dioxide vegetation. In 
regard to the first point we have shown previously that the average leaf area 
in the forest undergrowth is only equal to the average of the exterior vegeta- 
tion, while other observers have declared that shading increases leaf-size, other 
factors being equal. In all probability this apparent exception may be charged 
upon the high percentage of COg present and its limiting action, independently 
of shade effects pure and simple. 

Sufficient is known now of this factor to enable one to see definitely that 
in the forest the amount of light, not the amount of carbon dioxide, is the 
limiting factor in assimilation, thus constituting a reversal of the ordinary 
state of affairs. This throws into relief the importance of sun-flecks to the 
undergrowth, a fact previously urged in this work, and supported by the 
observations of Wilhelm Plester (1912), that a shade leaf brought into greater 
light assimilates more than an equivalent photophilous leaf, that is to say it 
is more sensitive to comparatively small changes of illumination. 

Whatever may have been the general condition of the atmosphere in 
carboniferous times, it seems legitimate to conclude that the undergrowth of 
its forests must have lived in an atmosphere rather richer in CO 2 than the 
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contemporary normal, so that conclusions drawn from preserved microscopic 
structure should only with reserve be extended to apply to the atmosphere 
of the period as a whole, exterior to the forest. 

3. Observations on Assimilation. Under the last heading it was shown 
that the increased amount of COg in the forest air turns the light into the 
limiting factor. This enables it to be more completely used in assimilation than 
is possible among mesophytes and moreover renders its spectroscopic composi- 
tion of more importance. Under ordinary circumstances it is well known that 
diffuse light may be quite sufficient to carry on photosynthesis, direct sun- 
light only serving to heat up the leaf. It was’ shown by Brown and Eseombe 
(1906) that of the energy flowing into a leaf in the form of light only *27- 
1-66 per cent, is used for photosynthesis and from 9*67 to 60-03 per cent, for 
transpiration (by raising. the temperature). Our photometric measures of 
the forest light show, however, fractions of full sunlight strength ranging well 
below the smallest of these, so that a lack of light is certain. According to the 
above investigators, about 85 per cent, of the light absorbed by a leaf is 
absorbed by the colourless tissues. Hence we perceive the need for very thin 
and transparent leaves in the undergrowth, reducing the needless light ab- 
sorption to a minimum. This is not only necessary to allow access of the 
maximum of light to chlorophyll in all parts of the mesophyll, but also to 
avoid heating, due to the absorption of light by colourless tissues, which under 
conditions of restricted transpiration can only lead to an increase of respira- 
tion. Hence mere reduction of non-effective light absorption, apart from any 
increase in the effective absorption which might be inferred in these leaves, 

will tend to bring the fraction ^ maximum. 

” Kespiration 

This seems to be the key to the reduction in leaf thickness and also perhaps 
to the adoption of erythrophyll colouring in some young foliage. It has been 
shown by Plester (1912) that the red screen of anthocyan in leaves of Catalpa 
purpurea “provokes” a high chlorophyll content, with a consequent increase 
in the effective light absorption. Possibly the erythrophyll plays here a 
similar part. 

That assimilation does proceed effectively under the prevailing conditions 
is proven by the abundance of starch in the leaves, even in those from the 
extremest shade, as shown both by Sachs’s iodine test and by microscopical 
examination. This indicates the existence of a balance of adjustment between 
light-ration and COg-ration quite foreign to the nature of mesophytes. 

Finally, an attempt was made to ascertain if the chlorophyll of an extreme 
sciophyte was qualitatively different in regard to light absorption from that 
of ordinary mesophytes. This was tried with Anchietia, a violaceous plant 
from the deepest shade, by illuminating a leaf enclosed in a small box, with 
a solar spectrum, projected through a slit in the underside of the box by a 
Ziess “Spektralobjectiv,” the whole being mounted on the mechanical stage 
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of the microscope to enable leaf and spectrum to be registered again on one 
another, after the leaf had been detached from its plant and “developed” 
with iodine. The idea seemed promising, but the result was inconclusive owing 
to insufficient exposure, and time prevented the repetition of the experiment. 
It is an investigation probably worth following up, for such a differential 
adjustment of the chlorophyll is not unlikely in the plants of the shadiest 
depths. 


GENERAL SUMMARY. 

1. Physiological Status of the Undergrowth: Transpiration. 

(Part I. Section A^.) 

1. The forests included within the scope of this survey are the sub-montane 
forests of the coastal plain and the Serra do Mar, in the States of Rio de Janeiro 
and Sao Paulo, South Brazil (page 5). 

2. These forests are typical rain-forests, enjoying a thoroughly tropical 
climate, with constant high temperatures, high precipitation (which shows a 
marked seasonal fluctuation), constant high humidity, and strong solar 
radiation (page 11). 

3. The objects in view were the study of the factors of moisture and illu- 
mination in the interior of the forest, and their influence on the undergrowth 
(page IG). 

4. Records are presented of the humidities and temperatures occurring 
in the forest and the conclusion is reached that the climatic factors affecting 
the lower layers of the forest are almost diametrically opposite to those in- 
fluencing the upper layers, though the edaphic conditions are the same for 
both. The shrub layer seems to divide the forest climatically into two distinct 
strata. The lower of these is the principal object of this study (page 23). 

5. Some measures of transpiration in the forest are presented (page 24). 
A comparison of the various types of leaves employed, with reference to their 
transpiration capacity, is elaborated; and the general question of the presence 
of any adaptations designed to increase transpiration decided in the negative; 
some experiments performed in England were utilized for comparison (page 29 ) . 

6. A new hypothesis of the biological significance of nyctitropism is 
submitted (page 27). 

7. It is shown that, despite the very high humidity, a certain amount of 
xeromorphy is traceable in the leaves, and this is explained by the proved 
coincidence of two factors: 

(A) The theoretical diffusion capacity of the leaves is excessively large 
compared with their habitual transpiration, while the passage of sun-flecks 
across the leaves is capable of sharply lowering the environing humidity and 


1 See this Jodbkal, 7 , p. 5 . 
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consequently of causing sudden increases in evaporation. The prevalence of 
a water storing epidermis is a natural effect of this phenomenon. 

(B) The xylem supply in the leaf petioles is inadequate to carry water 
for more than a small fraction of the total possible evaporation from the 
stomata. It appears only to be developed proportionately to the small habitual 
transpiration in the shade, and is very much lower than in the sun plants 
examined for comparison. 

This last observation (B) suggests that the water supply from the r-ots 
must be restricted, for if this were not the case an increase of xylem supply, 
correlated with (A), might have been anticipated (page 35). 

8. In spite of the very shght foliar transpiration, no excretion of fluid 
water has been observed, so that root absorption may actually be low. This 
does not exclude the possibility of considerable quantities of water being ab- 
sorbed and immobilized in the plant by (a) the predominant and continuous 
elastic growth, (6) water storage to meet sudden evaporation, (c) starch for- 
mation in photosynthesis, (d) return to the roots through the phloem. 

Occlusion of water will stimulate a current in the hadrome independently 
of evaporation, just as the first swelHng of buds during the vernation of a 
deciduous tree probably begins the vernal sap flow, previous to the commence- 
ment of transpiration proper (page 49). 

9. Lastly an examination has been made of the mineral salts absorbed by 
the forest undergrowth. The content of ash proved to be as high or higher 
than in sun plants in the same neighbourhood. The evidence is therefore 
against the supposed connection between salt absorption and transpiration. 
Apart from the possibilities mentioned in (8) above, it must be remembered 
that the amount of water present in the tissues of these plants is higher and 
the amount of carbonaceous material lower than in mesophytes. The plant 
thus resembles a dilute solution, in which simple diffusion of salts along the 
vasal water columns and through the cell walls may proceed with less than 
normal resistance. 

The author inclines however to the opinion that the demands of rapid and 
continuous elastic growth are the most influential factor in replacing the or- 
dinary pull of foliar transpiration (page 50). 

« 

(Part I. Section B.) 

1. The soil is shallow and pervious. It is derived from an impervious and 
peculiar sub-soil, which appears to be of the nature of laterite, a sub-aerial 
deposit (page 122). 

2. The average water content of the soils is low, up to 10 per cent, of the 
net weight of the soil ; and the mechanical analysis shows a preponderance of 
coarse particles which easily explains this (page 123). 

3. Examination of the hygroscopicity of the soil leads to the conclusion 
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that no water is held hygroscopically in the wet soil and that this property is 
only shown by soil when air-dry (page 124). 

4. The saturation capacity of the forest soil is about 40 per cent, of the 
weight of dry soil, but the average water content is only 20-25 per cent, of 
the saturation capacity, so that the water content may sometimes become a 
limiting factor to growth (page 127). 

5. It was observed that a position on the hill top, the soil of which was 
drier before rain, and had a lower absorption capacity than the soil of a 
station at the hill foot, yet received greater benefit, i.e. more soil water, from 
an equal amount of rainfall. This led to an examination of the relative amounts 
of rain reaching the soil through the canopy of foliage. This proved to be 
greater in the former case. Some general considerations are appended tending 
to show that this factor, namely the amount of rain which, in any given asso- 
ciation, actually finds its way to the soil (rainfall efficiency), is one of widespread 
ecological importance (page 1.30). 

6. Analysis of the soil shows it to be very deficient in mineral nutriment, 
and particularly in calcium carbonate. The biological effect of the absence of 
this salt, in preventing nitrification and the liberation of the nitrogen of the 
humus, is pointed out (page 134). 

7. The estimation of humus is rendered difficult by the presence of a high 
percentage (5-25 per cent.) of ferric oxide, which is itself reduced by the 
customary ignition for determining the humus. This is avoided by dissolving 
the humus in ammonia. The amount of humus is small, only about 3 per cent, 
of the dry soil, but compared with the exceedingly small quantities of soluble 
mineral salts, it is sufficient to indicate that the soil is a “geloid” one. As is 
frequently the case where only small quantities of soluble humus are present 
its nitrogen content is high (8-9 per cent, of the humus, or -225 per cent. o. 
the dry soil), but it is shown that it is probable that this is only in small part 
available for the plants (page 1 35). 

8. By a system of differential water extraction it was shown that the 
solution withdrawn at once from a soil which has been saturated with water 
after having been dried is about 1-5 times as strong as the solution withdrawn 
from the same soil after it has stood for some time in a saturated condition. 
This is attributed to re-adsorption of the mineral salts from the soil water by 
the hydrated colloids. The bearing of this observation on the deterioration 
of the soil after clearing of the forest is discussed (page 13G). 

9. The soil is shown to contain unsaturated humus and this is probably 
the cause of the restricted root absorption indicated in Part I Associated with 
the occurrence of unsaturated humus is the abundance of mycorhiza, which 
are very prevalent among the plants of the forest undergrowth. Fungi must 
play a large part in making up the nitrogen deficiencies of the soil, and it is 
perhaps not too much to expect that all these sciophytes will one day prove 
to be provided with mycorhiza (page 139). 
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2. Physiological Status of the Undergrowth: Assimilation. (Part II.) 

1. Photometric measures of the light intensities in full sunlight and in 
the forest were compared. In the former case use was made of a special yellow 
gelatine filter which cuts out all the actinic rays beyond A 5200, to enable a 
truer estimate of the assimilatory rays to be made. Comparison was also 
made with sunlight in the English summer, with the result that the sunlight 
in Rio proved to be proportionately richer in photosynthetic rays. 

The white light in the forest is shown to be enormously diminished and 
the effect of sun-flecks is definitely exhibited, but direct measures of the photo- 
synthetic lighting were impracticable (page 142). 

2. To avoid the above difficulty, the analysis of the forest illumination by 
spectroscopic means was attempted (page 144). 

3. Three points of the spectrum, reflected from picked types of forest 
leaves, were analysed photometrically, ('omparison showed that red was the 
colour reflected with least diminution. As by far the greater proportion of the 
light in the obscure depths of the forest is derived from foliar reflecting sur- 
faces, it follows that red is the predominant colour in the shade. On the basis 
of this determined superiority of red to green and blue in these measures, it 
is possible to calculate the theoretical value of the assimilatory lighting in the 
shade, which is, on these premises, higher than simple proportion based on 
the outside measures would lead one to expect (page ]4()). 

4. Notes on the structure of the leaves of some of the prominent sciophytes 
are given. Three features are conspicuous — water storing epidermis, reduced 
and undifferentiated mesophyll, and the occasional appearances of epidermal 
papillae and also V-cells in the mesophyll, interpretable as illumination de- 
vices. In conjunction with this, the observation in Part I, Section A that the 
shade leaves, compared mass for mass with sun leaves, have a proportionately 
greater amount of intercellular space is interesting (page 148). 

6. A statistical investigation of the leaves of sun and shade plants has 
shown that the average of leaf-areas is closely similar in both cases, but that 
the shade leaves are decidedly longer and narrower than the sun leaves. The 
balance of variability is heavily on the side of the shade plants. On the basis 
of these comparisons it is enunciated as a theory, that the average variation 
of leaf-size among the separate species of a climatically delimited habitat is 
a function of the extreme range of variation of leaf-size found within the 
habitat (page 150). 

6. Comparison of the red young foliage, produced by many undergrowth 
plants, with green young foliage has shown that the former have a higher 
rate of respiration. Protection against transpiration or insolation being ex- 
cluded this result leaves it problematic what advantage the colour confers. 
Red being predominant in the light red leaves may perhaps absorb less need- 
less light than green leaves, but this advantage is not shown by a diminished 
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respiration. It remains to be seen whether perhaps they have an abnormally 
high chlorophyll content masked by the red colour, which might favourably 
affect their assimilation (page 154). 

7. An abnormally high percentage of CO 2 has been shown to exist in the 
forest, increasing largely during the night. This is reflected in the leaf struc- 
ture of the plants, corroborating experimental work previously done on this 
question. It suggests the enquiry whether the respiration of sciophytes is 
really reduced under natural conditions, or whether assimilation is not aided 
by some abnormal sensitization of the chlorophyll (page 156). 

8. Light is here the limiting factor of assimilation. Many factors appear to 
assist in the difficult task of nourishment, on a poor soil and immersed in 
gloom. Of these factors, mycorhiza and the large absorptive capacity of 
the leaves deserve emphasis. Adaptations designed to assist transpiration 
have not been found, and the plants seem to thrive satisfactorily without 
them (page 1.58). 

APPENDIX. 

Descriptive Ecology of the Forest. 

1. Floristic. It is generally regarded as indispensable, even in the purest 
physiological ecology, to take into consideration the floristic composition of 
the vegetation dealt with. The list which follows makes no pretence of com- 
pleteness, an aim which would indeed far transcend the limits of this work, 
since the flora of the state of Rio de Janeiro has some claim to be considered 
the richest in the world. It is estimated that the total population of vascular 
plants of the Federal Area round the city of Rio (in size approximating to 
the County of Middlesex) embraces not less than 10,000 species. Although 
this is but a rough calculation it serves to show the quality of the forest 
country we have dealt with. 

Through the whole list there runs a dominant element of woody plants, 
emphasizing firstly the continuity of the growing season in this climate and 
secondly the importance of mechanical strength in the intense struggle for 
existence carried “on in the forest. Herbs are not plentiful. The ground flora, 
which is chiefly composed of them, is sparse and open, with wide interspaces 
of bare soil, and it is only where the fall of some ancient tree of the forest 
canopy makes an open space that the herbs compete seriously with the shrubs, 
or form dense masses. Nor are Cryptogams much more conspicuous: ground- 
living mosses are largely precluded by the carpet of dead leaves, and the 
Ferns and Lycopods (especially SelagineUa) frequent the rocky spots, par- 
ticularly of course where there is dripping or trickling water. 

In a general sense, Leguminosae may be called the principal family. They 
form a large proportion of the high forest, and as they are nearly all nyctitropic 
they are important physiognomically. Among the undershrubs Rubiaceae 
and Piperaceae are the most important. Piper itself, in various species, being 
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represented by a vast number of individuals. They produce, of course, the 
inconspicuous flowers characteristic of most undergrowth plants; flowers 
which are of small size even when they are polymerous, as in Anonaceae. 
Reduction of floral parts and size is so general in this environment, that it 
cannot but urge upon the observer the conclusion that the Piperaceae, its 
most characteristic family, are extremely likely to partake of the same effects, 
as they share in the causes which have brought them about. 

Ecological conditions have been largely overlooked in morphological 
enquiry. It is difficult to believe that, in general, primitive organisms will be 
found in a highly specialized environment, and such the forest undergrowth 
seems to be. It is not a likely habitat for primitive forms, if we take into 
account the immense amount of evolution which has gone on in it, and the 
keen competition for the somewhat peculiar alimentation. 

Possibly one might go further and suggest that nutritive causes may be 
at the back of all floral reduction in Angiosperms, the specialization to insect 
visits having simply determined the lines along which reduction has taken 
place. In such a view insect visits would operate purely as a selective influence 
during the progress of reduction, itself traceable directly to internal metabolic 
factors, under the influence, possibly, of the ecological conditions of the habi- 
tat. From this viewpoint economy of the densely protoplasmic, reproductive 
material, not insect adaptation, appears as the principal end in floral evolution. 
Certain families have undoubtedly found the most comprehensive reduction 
to be possible by the abandonment of insect specialization altogether and a 
secondary assumption of anemophily. Where mesophytes are concerned the 
economy effected in the single flower has rendered possible, in compensation, 
a larger annual output of reproductive units, but among these sciophytes 
reduction has led only to limitation of output and thus has the semblance of 
being imposed upon the organisms by unfavourable conditions. 

In the list below generic names only are given. Apart from a few well- 
known plants the determination of the species of tropical forest plants leads 
by intricate paths beyond practical bounds. 


Monocotyledons. 


Gramineae: Panicum^ Paspalurn., Avdro- 
pogon, Bamhusa, 

Palmae; Asterocaryumy Bactris, Calamus , 
Cocos, 

Araceae: Anthuriumy Philodendrony Dieffen^ 
bachia, Amorphophallus, 

Bromeliaceae: AcJimm, Tillandsiay Nidular- 
ium, Streptocalyx, 

Commelinaceae: Commelina, TradescarUia, 
Dichoriaandra. 


Amaryllidaceae: Fourcroyay HypoxiSy Cur- 
culigo (escape). 

Dioscoreaceae: Dioscorea, 

Iridaceae: Marica, 

Musaceae: Musa (escape), Heliconia, 
Zingiberaceae: Hedychium, Costus, 
Marantaceae: Calathea, 

Burmanniaceae: Bunnannia, 

Orchidaceae: PhysuruSy lonopsisy Maade- 
rxUliay Cattleya, 
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Dicotyledons* 


Piperaceae: Piper, Peperomia, ArtaMhe, 
Ottonia, 

Moraceae: Dorstenia, Artocarpus, Ficm, Ce- 
c/ropia. 

Urticaceae: Pilea, Boehmeria, Urostigma. 
Loranthaceae: PsiitacanLhus. 
Balanophoraceae: Lophoph'ijtum, 
Aristoloohiaceae: Aristolochia, 
Polygonaoeae: Coccoloba. 

Nyctaginacoae; Bougainvillea, Neea, 
Menispermaceae; Cissampelos. 

Anonaceae: Uvaria, Rollinia, 

Lauraceae: Ocotea, Nectandra. 

Monimiaceae: Siparuna. 

Leguminosao: Mimosa, Piptadenia, Desrm- 
(Hum, Enterolohium, Schizolobium, Bau- 
hinia, higa, Caesalpinia, Cassia. 
Oxalidaceae: Oxalis, Averrhoa,. 
Erythroxylaceae : Erythroxylon. 

Rutaceae: Pilocarpus, Galipm. 
Simarubacjeae* Simaba, Simaruba. 
Meliaoeae: Cedrela, Carapa, Quarea, 
Malpighiaceae : Banisteria. 

V ochysiaceae : V ochysia. 

Polygalaceae : Polygala. 

Euphorbiaceae: Jatropha, A<xilyphi. 
Anacardiaceae : An^cardium. 

Sapindaceao: Sapindus, Paullinia, Cupania, 
Talisia, Cardiospermurn, 


Bombaoaoeae: Chorisia, Cdba. 
Sterouliaceae: BtercuUa, 

Ochnaceao: Oomphia, Jjwxemhurgia. 
Guttiferae: Clusia, 

Bixaceae: Bixa. 

Violaoeae: AncJiietia, 

Passifloraceae: Passiflora, 

Begoniaceae: Begonia. 

Lecythidaceao: Lecythis. 

Combretaceae: Combreturn. 

Myrtaceae: Psidium, Eugenia, Myrtus. 
Melastomaceae: Tibouchina, Melastoma, 
Miconia. 

Umbelliferae: Hydroc^tyle. 

Sapotaceae: Mimusops. 

Ebenaceae: Diospyros. 

Apocynacoae: Echite^. 

Asclepiadaceae: Asclepiasi. 

Convolvulaceae : Operculina. 

Verbenaceae: Stachytarpheta (colonist). 
Labiatae: Leonitis. 

Solanaccao: Solanurn. 

Bignoniaceae : Tecorna, Jacaranda. 

Lentibiilariaceae : U tricularia. 

Acajithacem: Justicia, Thunbergia (colonist). 
Rubiaccae: Psych^oiria, Mapouria, Amelia, 
Ladenhergia, Uragoga, Palieoureja. 
Compositae: Bidens, Stiff tia, Mikania. 


Cryptogams. 

Filicales: Aneimia, TricJiomanes, Hymens- Hernitelia, Asplenium, Polypodium, 

phyllurn, Lygodimn, Davallia, Blechnum, Cheilanthes, Doryopteris, (rymnogramme. 

Lycopodiales : Lycopodium., Selaginella. 


2. Synecology of the Forest. Rain forest is the climatic formation over 
almost all tropical South America, with the exceptions of the higher Andean 
region in the west, and the comparatively small portion of steppe called the 
“campos ” in south-eastern Brazil. It is the largest area of jungle anywhere 
in the world. Thousands of square miles yet await exploration, in spite of 
all that has been done, and from the naturalist’s viewpoint there are no limits 
to its possibilities. 

It represents one formation, dependent on the climatic master factor 
(itself of course a complex of factors), over its whole area, but it presents a 
variety of associations determined by other circumstances, the effects of which 
cut across those of the climate, though about them we know extremely little. 
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Most writers tacitly regard montane and valley forests as representing 
different associations, and the palm-brakes of Mauritia and bamboos 
alongside rivers probably represent a third type, but that many more 
may exist, outside our knowledge, there is very little doubt. Diverse societies 
also occur, not directly dependent on environmental factors, but they are 
rare. Within each association-type the mixture is floristically very homo- 
geneous. 

These forests round Rio are practically all of the montane type. Valley 
forest is of a more advanced type, into which montane forest passes gradually 
with deepening of the soil and lessening of percolation. The chief area of 
valley forest is of course the Amazon basin. It is the ultimate climax asso- 
ciation over the erosion level of all the rivers of that area. 

The two types are often contiguous in occurrence, as for example in the 
Serra do Mar, within the present area. In this respect they are in a different 
category from the xerophytic forest which I propose to call “ alpine forest,” 
where direct continuity is only occasional and partial and depends on accidents 
of topography. Between the montane forest and the valley forest there is on 
the other hand a wide zone or gradient of transition, indicative in my belief 
of two associations that belong to the same formation. The valley forest differs 
floristically and in the more open texture of its undergrowth from the dwarfer 
but denser montane forest. The latter feature is traceable to the greater 
development of the high tree canopy, including certain enormous trees which 
protrude as conspicuous landmarks above the general level of the valley 
forests. 

The view here expressed as to the status, in an ecological sense, of these 
forests is based upon that view which holds a formation to be a unit with a 
history, or in other words, a unit of vegetation which possesses a development 
in time, through all the diverse phases of which it is swayed by a limited and 
small number of supreme factors. These supreme or master factors may be 
temporary or quasi-permanent, but any change which occurs in a master 
factor brings to an end the succession which it governs and initiates a new 
formation. Each formation naturally tends in development towards a stable 
form of vegetation which will be coterminous with the master factors. The 
developmental period may be, and probably almost always is, short, relative 
to the endurance of the climax phase. The steps in development are to be 
regarded as our associations and, as they have no time dimension, but simply 
represent “types” of vegetation as we find them in any given place at any 
time, these associations are much more tangible than formations. Where the 
step from one phase to another involves a change in physiognomy, as for 
example bush-land to forest, it is clearly recognizable to all, but when the 
change is a slighter one, for example the replacement of certain species by 
allied or similar species, it may be liable to escape notice; yet such changes 
represent steps of development, just as truly as those in which the physio- 
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gnomy alters. ThiwS is the case with the two associations here recognized. 
According to such views we may interpret these two associations, valley forest 
and montane forest. The latter is the earlier type, persisting on the higher 
ground, while the valley levels have developed a climax type of forest. On 
the hills a topographical factor, height, has cut across the master factor, 
climate, which is predominant, and has modified its potency so that two dis- 
tinct types have come into being. As the valleys were formed the valley 
climate developed and with it the higher type of forest. As these mountains 
dwindle under the forces of erosion to the valley levels, the montane forest 
will pass over into the valley type, the change in time being similar to the 
change now observable in space. Taking the longest view, the one is a phase 
in the development of the other, and thus is amenable to the concept of an 
association. From the other point of view, we cannot, in the nature of things, 
possess decisive evidence as to whether a given association is the true climax 
of its formation or not. We cannot predict, we can so far only deduce. Granted 
this uncertainty however, there seems reasonable ground for believing that 
the forest of flat lands and valleys is a climax association, developed through 
dimly indicated stages from some plateau vegetation, and the forest of the 
hill slopes is a phase of its more immediate past. 

Of the physiognomy of tropical rain forest much has been written, a lot 
of it considerably exaggerated, yet it is unquestionably one of the most 
impressive forms of vegetation in the world. From the exterior one notices 
that the upper surface, as it were, of the forest is more irregular than that 
of temperate woodlaiids. Not that the size of the trees is irregular, on the 
contrary especially big trees are rare and visible for a long distance as con- 
spicuous landmarks, but the number of different kinds of trees is much 
greater than in our woods and a corresponding diversity of habit makes itself 
evident. Similarly the diverse tints of foliage and the sprinkling of vividl)' 
coloured flowers, l)oth of the trees themselves and of epiphytes, decorate the 
forest in a way to which we are unaccustomed. In habit the candelebra-trees 
{Garuga, Argyrodendron, Cecrojjia, etc.) are the most noticeable irregularities, 
and in colour, Cecropia adenopus shows up a bright silvery grey, while 
Melastomaceae, Bignoniaceae and Vochysiaceae are constantly represented 
by masses of flowers among the tree tops. Indeed the richness of flowers on 
top is in striking contrast to the poverty below^. 

One or two features of the undergrowth of the trees strike the observer. 
One is the frequency of thorns on old stems, even, in fact, on the boles of big 
trees, such as the bombacaceous Chorisia, which render passage less pleasant 
than it might be. Another is the rarity of buttress roots in the American 
tropics, although wdnds of unsurpassed violence can occur here. Is this 
another “adaptation” which rests on deductive evidence only? 

^ The monograph by Wottstcin (1004), in Karsfcen and Schenck’s Vegeiaiiombilder, contains 
some fine illustrations of the forests of this area. 
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As we have remarked in the body of this article layering is distinctly 
traceable even amid the confusion of forms which fill the undergrowth. 

The ground flora extends from 0-1 metre high. 

The shrub flora from 2-5 metres high. 

The tree flora from 10-25 metres high. 

It is obvious that during the growth of a tree of the forest canopy it must 
pass through a deep biological change after growing up through the hygro- 
philous lower forest and emerging into the practically xerophytic conditions on 
top. Yet the later adoption of protective measures seems to be accomplished 
easily and, from what we have found regarding the atmospheric conditions 
in the upper layers of undergrowth, is probably brought about gradually. 
The lower branches of such trees are only sparsely developed and soon drop 
off, so that the tendency of the high trees is to form columnar unbranched 
trunks. 

Compared with the bush layer the ground flora is comparatively open. 
Nearly all the species are perennial herbs, though prostrate creepers are not 
uncommon. They are plants of the deepest shade. 

There is a natural interdependence between the extent of development of 
the three layers. Where the high forest is thinner the bush layer is corre- 
spondingly thicker and the ground flora lessened, and vice versa. Where 
the shrub layer is decreased the ground flora is increased. The high forest 
and the ground flora go together in development. The shrub layer is opposed 
in development to both. Hence it arises that when a wood is partly cleared of 
trees for timber, the shrubs thicken to such an extent that an almost impene- 
trable bush is formed, while the ground flora suffers proportionately. Other 
factors, such as water, cause local increase in the ground flora, and Maran- 
taceae form quite thick colonies in wet places. Palms themselves, chiefly 
Bactris and Asterocaryum, are not uncommon in the undergrowth, but where 
they form a dominant society they suppress almost everything else. This may 
be due to smothering by the large dropped leaves; otherwise it is not easily 
explained, for the light under the palms is, if anything, greater than elsewhere. 
The ground flora contains a large number of caespitose forms, which are w'ell 
adapted for light reception, as the young leaves do not tend to shade the 
older ones. Fungi are extremely abundant on and in the forest floor, 
and to them probably is traceable the peculiar odour which permeates 
the forest everywhere, and is easily recognizable at home in the Kew 
hothouses. 

Lastly there are the epiphytes. Their distribution in the forest is sporadic, 
and, so far as can be judged by observation alone, they favour only the lighter 
spots where partial clearing has occurred, and the margin of the forest. In 
the thinner parts of the forest, towards the upper margin on the hill slopes, 
they are much more abundant. Naturally this applies only to the Angiosper- 
mic epiphytes. Cryptogamic epiphytes flourish almost anywhere, Junger- 
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manniaceae and Lichens even high up on the tree trunks, and Strigtda and 
its allies on the leaves. ^ 

Apart from regular epiphytes there is a large class of facultative epiphytes 
to which it is hard to set any bounds. Even large trees may grow upon others. 
The writer has seen such unlikely species as Piptadenia communis and Cecropia 
jHilmata growing as perfect epiphytes, and also, of course, Ficus, the classical 
example of this type. In these forests the mjrmecophilous species Cecropia 
jyalmata and C. adenopus are common. It seems worth noticing that C. pahnata 
was observed with its leaves dissected by the leaf cutting ants, although 
Azteoa was living on it, and to all appearances quite active. 

A ‘‘ biological spectrum ” of the forest flora, after the pattern suggested by 
Raunkiaer, would show an enormous preponderance of woody plants. This 
is the result of two interdependent factors, {a) the absence of any physio- 
logically dry season and {h) the resulting continuous growth. The advantage 
conferred by mechanical strength, and the density of growth which results 
from this, have already been referred to. In spite of the diversity of species 
the appearance of the undergrowth is decidedly monotonous. There is an 
evident resemblance to the undergrowth of the evergreen Lusitanian and 
Mediterranean woodlands, allowing for differences of climate, especially in the 
prevalence of simple leaves of the Laurus type. Flow^ers arc uncommon and 
inconspicuous except in the tree tops, where, even when they are individually 
small, they tend to form large inflorescences and show up as blazes of colour 
when forest clad slopes are seen from a distance. In my own small experimental 
area, a small patch of about a couple of acres was covered by a palm society, 
but otherwise the homogeneity of the floristic mixture w^as very marked all 
over. Similar '‘palm-pockets,” which have also been noticed in the forests 
of the Philippines by Brown and Mathews^, afford practically the only break 
in the general blend of species. 

The appearance of homogeneity is greatly increased by the unity of type 
observable throughout, especially in leaf form, which must have been noticed 
by everyone who has occasion to deal wdth herbarium material. This seems to 
be the result of epharmonic convergence in Warming's sense. It is indicative 
of two things, (1) the antiquity of the prevailing conditions, which has allowed 
time for this convergence, and (2) the peculiarity of the conditions which has 
enforced it. 

By peculiarity I mean divergence from the mean, and therefore difFiculty , 
for the organisms involved. That the conditions of life for the undergrowth 
are far removed from the mean is I think undeniable, but their difficulty has 
not been taken into serious consideration. •The complexity of structure of 
the forest and the multiplicity of contained species have always been looked 
upon as evidence of extraordinary favourability. Now the complexity is 
largely a matter of density’, and so dependent on the continuous growth 
^ Philipp > Jour. Sci. 9 , Sect, A. See this Journal, 3 , 24f). 
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period, while the multiplicity of species is better explained on the grounds of 
antiquity rather than of favourability, an idea which is seemingly erroneous. 
That there is a real difficulty involved is emphasized by the failure of the forest 
to regenerate quickly on large cleared areas, where the breakdown of the 
nutrition cycle has thrown conditions back practically to the starting point 
of the forest formation, but without the original soil to give the regeneration 
a start. Seedlings are plentiful within the forest, though I doubt if the trees 
of the highest forest regenerate freely, except in temporary clearings where 
some large individual has collapsed, but in a clearing of large extent things 
are very different. 

The change brought about by clearance is probably largely due to the 
drying oxit of the humus colloids and the killing off of the micro-flora which 
linked together the two ends of the nutrition cycle by breaking up humigenous 
bodies and transferring the liberated food substances through the medium 
of mycorhiza to the living host-plants. 

That the forest as we find it now, only has a slight dependence on mineral 
soil nourishment is shown by the sterility of large cleared areas, except where 
the soil after clearing has been carefully treated and preserved from the evil 
effects of drying-out. On the other hand, small areas, sheltered by the sur- 
rounding jungle, reafforest quickly. 

Where the rainfall is exceptionally heavy, regeneration may be impeded 
by another factor, namely the bodily removal of the soil itself, or the entire 
nutritive contents of it, by the rain, when once the protective leafy covering 
is cleared off. The coarse grass land that takes possession of the cleared areas 
which have not been brought under immMiate cultivation may in time re- 
generate humus and so permit reafforestation, but the slowness of the process 
is evidence of the radical change brought about by clearance, and the consider- 
able length of time that must have elapsed in the creation of the conditions 
prevailing in the fully developed rain-forest. The first development of the 
forest was no doubt accomplished under very much more favourable conditions 
than these, with a richer soil and fewer competing species. In those early 
phases or associations, when the forest type was first appearing, it may have 
been normally dependent upon the soil nutriment and nitrification as in 
temperate woods; but the present association is conceived of as a type which 
in the course of ages has, through the exhaustion of the soil, evolved a system 
of living largely upon the products of its own decay, i.e. upon salts and nitro- 
gen liberated from humtis through the agency of bacteria and fungi, and upon 
COg liberated during fermentative decay. In a word, the life of rain forests 
hangs upon hyphae. 

Montane forest in fact hardly depends upon the soil at all except for water 
and anchorage. Near Santos it is remarkable that the rain forest on small hills 
near the sea maintains its “ complex ” character right on to almost bare rock, 
where the general depth of soil cannot have been more than 3-6 ins., and that 
almost pure humus. 
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A curious phenomenon supports this theory of the rain forest, namely the 
possibility of its suicide, which could not happen were it not balanced as it is, 
plant against plant. A single constituent species forming, it may be, at first 
a small society in the forest, if favoured by local circumstances may spread to 
the eventual extermination of neighbouring species. If the unit be a high 
forest tree no serious change results, but if it be of another type, dependent 
on the existence of forest conditions, the ultimate result may be its own death 
also. A case of this latter sort has been observed by the author near the upper 
end of Rio Bay. The aggressive species was a Calamus, and the result was 
devastation of the forest. If the area involved be not large it will no doubt 
be rapidly recolonized; if* it be large a change of formation might result. 
This must be a rare phenomenon but it is a real one. 

Rain forest is presumably a climax association, but naturally only within 
the limits of its own formation, which is the climatic formation of the most of 
warm South America. It can be superseded, if another master factor super- 
venes over climate. Thus in the broad valley of the Rio Parahibuna, swamps 
are killing off the forest. The water-logging of the soil alters the master factor 
and begins a new formation. 

Notk. It is impossible to refer in detail to the very numerous points of eontact between the 
present work and the extremely interesting investigations of Forrest Shrevc (1914) on the Ja- 
maican Rain Forests, to which general reference for a great deal of collateral information may 
here be made. His forests differ in many respects from mine, but the resemblances are more strik- 
ing than the divergences. It is gratifying, therefore, to find that his main conclusions on the en- 
vironmental conditions ii^ rainforest harmonizesatisfactorily with those now advanced for another 
geographical area. 
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Introduction. Views op Previous Authors. 

Despite the prolific production of ripe acorns in certain years, when the floor 
of our oakwoods is littered with fruits during the autumn, and when, during 
the following spring, millions of seedlings may be seen coming up through the 
surface layer of humus or among the herbaceous plants of the ground vegeta- 
tion, yet the occurrence of natural regeneration of oakwoods in this country 
seems to be something of a rarity. If regeneration took the normal course, 
one would expect to find during the years subsequent to a “fall ” a community 
of young oaks, some of which, sturdier than their fellows, would dominate and 
handicap the others in the struggle for existence, finally causing their sup- 
pression and death. The dominants, we should expect, would ultimately 
grow up to replace the aged stock. The following is an attempt to solve the 
problem and is a record of the causes responsible, so far as these have come 
under my observation or been ascertainable by experiment. 

This enquiry is so intimately associated with the larger subject of the 
degeneration or retrogression of forests, that a brief review of the more 
important causes assigned may assist us towards a solution. 

The reduction in the number of seed parents of both species of oak {Quercus 
pedunculata and Q. sessiliflora) due to the great demands upon oak for the 
Navy and to the encroachments made upon the forests by the peasantry for 
agricultural and pastoral purposes in former days not only reduced the area 
under forest, but deprived the woods themselves of the finest trees. Evidences 
of such are frequent in writings on Natural History or in works of general 
historical bearing or can be deduced from the Statutes passed from time to 
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time ordering the reservation of young oak^. To repair this loss no adequate 
planting took place and the oak being a heavy seeded tree was slow in re- 
colonising the land thus laid bare. 

Krause® (1892) attributes the limiting of the forest area in North Germany 
to “errors in sylviculture, especially to the grazing of cattle in the forest,” and 
this may be legitimately applied to this country as cattle and pigs were for- 
merly driven into the woods for pannage. This is generally conceded as a 
factor responsible. 

Degeneration of woods due to the lack of suitable conditions for the ger- 
mination of the seeds of the dominant species has been laid stress upon by 
Moss®. Similarly Henryk, quoting Schwappach in regard to continental soils, 
says, “Natural regeneration of the stock is rendered quite impossible on poor 
soils and more difficult on soils of better quality by the unfavourable modi- 
fication of the surface covering ( hardness, dryness) and by the stunting of the 
parents.” Tansley® also describes this in the case of the Damp Oakwood 
association of this country. “ When the soil is left exposed to the sun and wind 
by excessive felling of standards or clearing of coppice, the humus layer is 
destroyed and the soil either becomes very weedy or cakes hard and becomes 
almost bare of vegetation. Under such conditions the natural regeneration 
of the wood from self-sown seed is checked or arrested and unless the wood is 
properly taken in hand it degenerates to scrub and grassland.” Schlich* and 
Forbes’ express .similar views. 

Degeneration has also been attributed to the impoverishment of the soil. 
A summary of Graebner’s account of the degeneration of woodland in North 
Germany due to this cause is given in The Woodlands of England^, where we 
find that by the removal of tree trunks, by the leaching of the soil and by^the 
spread of heath vegetation consequent on the formation of a moor pan, the 
ground is impoverished and the oaks die out without leaving successors. 

Dealing more particularly with causes affecting the natural regeneration 
of oak, Forbes** states that where acorns “were sown in small patches scarcely 
any (seedlings) made their appearance, though we could never discover what 
really became of them.” Elwes and Henryk® and others testify to pigeons and 
pheasants devouring enormous quantities of acorns. 

Regarding the influence of rabbits Percival Lewis’ ’ remarks of the New 
Forest about 100 years ago, “ The rabbit in his pursuit of food did much injury 
and the cutting of browse wood as it was carried on in former times must have 

^ Cf. Nisbet, Our Forest** and W oodhmdsj 1909, Chap. I, where quotaf-ions are given from 
Gilbert White’s Natural History of Selborne, 1789, Holinshed’s Description of England, 1577, 
Statute of Henry VIII, 1543, etc. 

2 Quoted by Moss, VegeUition of the Peak District, 1913. ® Moss, op, ciL 

* Henry, Les sols forestiers, 1908. 6 Tansley, Types of British Vegetation, 1911. 

« Schlich, Manualof Forestry, Tovhee, Eng, Arb. Soc. Trans. 

“ Mobs, Hankin and Tansley, The Woodlands of England, 1910. ® Forbes, op, cU, 

Trees of Great Britain and Ireland, Vol. ii. 1907. Nisbet, op, cit. p. 102. 
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been attended with considerable depredations; the holly and the thorn are 
often the preservers of the seedling oak.” Elwes and Henry also state that 
mice are the worst enemies of seedling oaks. 

Upon the type of seed bed available for acorns Nisbet^ remarks, Owing to 
the want of close cover the soil often gets overgrown with grass or worse still 
with moss, and then a satisfactory crop of self-sown seedlings cannot be 
expected.” Compare this with the observations of Forbes^. "'A grassy surface 
seems the natural seed bed of oak, for very successful examples may often be 
seen on rough pasture adjoining woods which for some reason or other has been 
allowed to lie waste or is only slightly stocked with cattle during the summer.” 

With regard to the supply of light necessary for oaks opinions vary slightly. 
Nisbet {op, cit,) says, “As soon as the seedling crop appears the seedbearers 
have soon to be removed because the young oak is impatient of even the com- 
paratively light and broken shade cast on it by the parent trees.” Warming^, 
however, remarks that “ the common oak is a tree making moderate demands 
in regard to hght.” 

The above are a few of the various causes assigned in the explanation of 
the failure of regeneration, and effects observed in particular instances may 
lead many foresters to attribute all failure to one or two particular causes. 
So far as I am aware no systematic attempt has been made to ascertain exactly 
how far each is operative and generally to find out as much as possible about 
the causes of the observed lack of regeneration. 

The enquiry naturally falls into three sections, the first dealing with the 
fate of the acorn up to the time of germination, the second with the causes 
inducing the loss of germinative capacity, and the third with the establish- 
ment of the seedling and its subsequent history. 

PART I. 

Enemies of the Acorn up to the Time of Germination. 

During the latter part of October, 1914, the floors of the various oak woods 
in the vicinity of Cambridge were littered with millions of brown, well- 
ripened fruits. Visits during the next few weeks revealed a striking change in 
the number visible and one may account for this either by assuming that 
the acorns are removed or that they were now in some way concealed from 
view. Both these causes are in fact operative. 

Dealing first with the latter it may be noted that the oak continues to shed 
its leaves long after the fall of the fruit — and this assists in the concealment of 
the acorns. Further if the wind has access to the floor of the wood, leaves may 
collect in certain sheltered spots, and in these the acorns are effectively con- 
cealed. Certain types of ground vegetation also are insufficiently closed to 

^ Nisbet, op. cit. p. 102. ^ Forbes, op. cil. ^ Warming, Oecohgy of PkmUy 1909. 
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prevent the heavy acorn, in its fall, from at once reaching the soil surface, and 
in the case of a floor covered with humus the impact of the acorn is such as 
to form a sort of nidus which produces at least a partial embedding. 

Nevertheless a careful note of the number of acorns on selected areas at 
successive dates established the fact that many were disappearing, and so 
complete was the removal in certain cases thM by the spring of the following 
year great difficulty was experienced in finding even a few where thousands 
had fallen in the autumn. At the same time it was observed that where acorns 
had fallen among humus and become concealed through the subsequent fall 
of foliage, the rate at which they disappeared was decreased compared with the 
quick removal of those which had fallen on bare or comparatively bare areas. 

Table I (plots 1- 3) show's the rapid disappearance of acorns, when these 
lie exposed on the soil surface. Plots 4-7 (inclusive) indicate that a certain 
amount of protection is afforded by a humus covering as evidenced by the 
acorns’ slightly longer survival. The value of protection against all but small 
animals is shown in plots 8-10 where the removal of all the acorns was some- 
what delayed as compared with those completely exposed. 






Table I. 






No, of 
f^lot 

Type of 8oil 
cove^in^^ 

Oct. 

22nd 

Oct. 

30th 

Nov. 

0th 

Nov. 

14th 

Nov. 

21M 

Dec. 

Lst 

Dec. 

5th 

Deo. 

10th 

Dec. Jan. 
16th 16th 

1 

On Humus 


50 

1 

0 






2 

On Moss 


20 

13 

0 

3 

0 




3 

Sparse covering of 
dry leaves 




45 

21 

0 




4 

Under 1 in. of 
humus 

30 

10 

4 

2 

0 





5 



25 

0 







(] 

Under 2 ins. of 
humus 


50 

26 

4 

0 




' 

7 

>» 



25 

25 

24 

13 

0 



8 

On Moss 


30 

13 

6 

3 

0 




9 

In Grass 


25 

17 

16 

11 

1 

1 

1 

0 

10 




16 

0 

8 

6 


4 

0 


In the course of these observations evidences were not wanting of some of 
the agents responsible for the heavy mortality. Sometimes, where there had 
been once an abundance of acorns there remained later only pieces of broken 
pericarps. In others there was found among the humus a large number of 
acorns in all stages of mutilation, while the coincidence of the disappearance 
of a number of acorns planted below a humus covering 2 ins. in depth and 
the appearance of mice burrows in the area was suggestive. But a very large 
number of acorns must have been removed in toto as no traces of them had 
been left. 

Foresters are generally agreed that rabbits eat large quantities of acorns, 
so plots temporarily protected against them were established. Nevertheless 
in due course all the acorns disappeared. 
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The foregoing observations suggested the following experiments which 
were carried out on light sandy soil in an open oakwood at Didlington near 
Brandon (Norfolk). 

1. An area of about 144 sq, yds. was enclosed with wire netting of 1 J in. 
mesh so as to exclude rabbits and mammals of similar size. The ground was 
prepared, about two bushels of acorns sown, and the whole then raked over 
so as to conceal the seed. 

2. An area of about 16 sq. yds. was similarly surrounded and also covered 
over with netting to prevent attacks from birds, 50 acorns being sown on the 
surface and 60 planted below. 

3. An area of 1 sq. yd. was enclosed by a wooden frame, the lower part of 
which was sunk 9 ins. into the ground. Over the top a double layer of netting 
of I in. mesh was fixed. 60 acorns were sown on the surface and 50 below. 

4. At the same time 30 acorns were planted below the surface unprotected 
in any way. 

The results are set forth in Table II. 


Table II. 


No. of 
Plot 

Nunifier of acorns 
sown on 1 1th Dec. 

18th Mar. 29th Mar. 

30th June 8th Sept. 

1 

2 bushels 


8 seedlings 

2 

50 on surface 

0 


3 

50 below surface 

50 on surface 

50 50 

35 seedlings 
50 


50 below surface 

50 50 

50 

4 

30 below surface 

30 1 



Near the above experiments the gamekeeper was in the habit of feeding 
the pheasants. From the testimony of both the gamekeeper and the forester 
of the estate, plot 1, with its newly turned loose sandy soil, was a great at- 
traction for the birds, with the result as shown. Out of 2 bushels of acorns, only 
8 seedlings appeared. 

With regard to plot 2 all those acorns placed on the surface disappeared 
the following day, but of those below 35 germinated. Of the 30 planted under 
the surface without any protection only 1 remained. Nor does the pilfering 
cease after the seedling is established, as in an area protected from rabbits 
and birds 23 out of 24 had their acorns stolen. 

The value of complete protection from animals is obvious from the results 
of plot 3 where all the acorns remained intact. 

That burying in the soil by itself lessens the mortality is not apparent 
from the experiments. Where the soil is loose and easily turned over to be 
searched, the chances seem less favourable to survival than where they are 
embedded in hard soil. The success of regeneration after the pigs were driven 
into the forest for pannage in former days, may have been in part due to the 
concealment afforded by burial of the acorns. Also in woods where the work- 
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men in felling operations have trodden the acorns well into the soil regenera- 
tion at least in its initial stages has more chance of success. Mice cannot 
penetrate and search the surface 2 ins, of hard soil so completely as they 
would a layer of humus of equal thicknesSi In fact, the presence of the 
woodmen may have acted in two ways, by scaring the mice from the area 
of Operations and by making the ground unsuitable for their occupancy for 
some time to come, thus diminishing the enemies of the acorns in the par- 
ticular locality. 

The foregoing experiments clearly demonstrate the value of protection 
against the attacks of animals. Exactly the share taken by the various 
agencies in the disappearance of the acorns in any given locality seems to 
depend a good deal on local circumstances, e.g. birds such as pheasants may 
be an important factor in one place and quite negligible in another. Further 
it is well known that rabbits tend to abound on light sandy soils so that they 
are ordinarily much more prevalent on soils such as bear the Dry Oakwood 
and Oak -birch-heath associations than on the clay of the Damp Oakwood. 
But mice seem more evenly distributed and are certainly a powerful factor 
militating against successful regeneration by their consumption of large quan- 
tities of the seed. 

The following is a list of animals known to eat acorns^: 

Cattle, lied Deer, Fallow Deer, Roe Deer, Wild Pigs, Rabbits, Squirrels, 
Dormice, Forest Mice, Voles, Pheasants, Wood Pigeons, Jays, Rooks. The 
principal offenders are: Rabbits, Mice, Voles, Pheasants, Wood Pigeons, Jays. 


PART II. 

Conditions affecting the power of Germination. 

During the latter part of the year some acorns seem to escape the attention 
of those agents previously mentioned — acorns which look unhealthy, having 
lost their brown colour. Upon examination they are found to be the hosts 
of a weevil larva, which feeds on the kernel and ultimately destroys the acorn. 
Fabre® from observations on woods in France says, “More than the jay, more 
than the field-mouse, the elephant-beetle [Balaninus elephas) has contributed 
to reduce the superfluity of acorns.” The beetle found in this country, viz.’ 
Balaninus glandium, is not so prevalent and the damage done is not extensive. 

During the summer of 1915 in the course of visits to various oakwoods in 
the South of England, I found certain acorns which evidently had escaped 
the marauders, but which had not germinated. For the most part they lay 

^ Sohlioh, Nisbet, Elwes and Henry, opp. cit. 

® Social Life in the Insect World, 1912. 



A. S. Watt 


179 


among a litter of pieces of pericarps upon a soil surface, in places devoid of 
vegetation. The soil itself was light and sandy such as is characteristic of the 
Dry Oakwood or the Oak-birch-heath associations and characteristically flat 
and even, compared with that of the Damp Oakwood, where beneath the 
humus the soil is extremely uneven on a small scale, owing to the animals 
present in the soil piling it up in one place and leaving furrows or depressions 
in others. The surface was devoid of humus, except where the latter had col- 
lected in rabbit burrows, under the shelter of protecting brambles, in the lee 
of a fallen log, or in the sheltered parts of the wood. In areas such as the.se 
acorns were found lying, 10 months after their fall, still ungerminated. Nor do 
they after this lapse of time present the almost stony hardness or chocolate 
brown colour of the kernel such as is exhibited in most acorns exposed for a 
similar length of time in a room, the pericarp is whiter and the kernel seems 
quite fresh and capable of germination though somewhat shrunk, tougher 
and less brittle in texture than in a freshly ripened acorn. Such areas, devoid 
of humus and with sometimes a sparse vegetation of bracken or low growing 
mosses, were devoid of seedlings, in strong contrast to those places, perhaps a 
few feet distant, where the fallen leaves had collected. Considerations dealt 
with in Part I will partly explain the reason for this, but these do not explain 
why certain acorns overlooked by the despoilers did not germinate. 

That such acorns did not represent the ungerminable portion of the crop, 
the following experiment will show. 25 acorns were placed on a surface devoid 
of vegetation and 25 below and the plot enclosed. Of the latter all germinated, 
but of the former none. The following experiments were undertaken to find 
out what essential factor was lacking from the germination requirements 
in the case of the acorns lying on the surface. 

In these experiments carried out in a glasshouse where the temperature 
was that of an ordinary heated room, acorns obtained from Brandon were 
utilised. They were sent to me towards the end of October and, until I should 
require them for experiment, I kept them in a well-stoppered glass bottle. 
Of the exact interval which elapsed between the fall of the acorn until my 
receipt of them I have no precise information, but during that time tliere must 
have been a slight loss of moisture. 

The experiments were divided into three sections, treating of : 

A. The relation of the micropyle to water absorption. 

B. The relation of the position of the micropyle to the soil surface and 

germination. 

C. The relation of water supply to germination. 

A. Relation of micropyle to water absorption and loss. The method employed 
to find out if there was any relation between the micropyle and water absorp- 
tion or water retention was simply to seal up the micropyles of a number of 
acorns and to compare the loss or gain under different conditions with those 
unsealed. 
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6 acorns, 3 sealed and 3 unsealed, were exposed to the atmosphere of the 
glasshouse for 34 days. The following were the results: 

3 acorns unsealed and exposed had an average loss of 19*6 per cent, of 
the original weight. 

3 acorns sealed and exposed had an average loss of 21 "6 per cent, of the 
original weight. 

At the same time 6 acorns, 3 unsealed and 3 sealed, were planted. 

3 acorns unsealed and planted for 34 days gained 6-4 per cent, of the 
* original weight. 

3 acorns sealed and planted for 34 days gained 6’1 per cent, of the 
original weight. 

From these results we find that by sealing the micropyle the retention of 
water is in no way assisted, whilst similar action does not impede the imbibition 
of water. 

B. Relation of position of micropyle to soil surface and germination. Experi- 
ments were carried out with acorns which were partially buried in the soil to 
different depths, and whose long axes were placed at various angles to the 
horizontal. Table III shows the positions of the acorns, the shaded portion 
representing the amount buried, while the dividing line between the shaded 
and unshaded parts being horizontal in situ, shows the position of the acorn 
in the experiment. 


Position of 
acorn 



Order of 
depth 

Table III. 

Weight in grams 

^ 

3.11.15 17.3.16 

% Loss 

Fat(* 

1 (deepest) 

6-32 

6-28 

•60 

Germ. J in. then dried up 

2 

6-97 

6-94 

•44 

Germ, to seedling 

3 

5-98 

5-77 

3-6 

i» »» »> 

4 

7*28 

6-67 

8-2 

No germination 

5 

8 67 

8-20 

5*3 

!•» >» 

0 

6-77 

5-82 

14*0 

♦ » >> 


Of the above 6, 3 germinated but only 2 developed to norma] seedlings, 
the 3rd germinated J inch then ceased to grow. It will also be seen that there 
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is a definite relation between germination and the percentage loss of water — 
the average per cent, loss of the 3 which germinated being 1-65, whilst the 
average loss of those which did not do so was 9*2 per cent. Further only those 
two whose micropyles were embedded in the soil developed to seedlings. 

12 acorns were next inserted in the soil with varying amounts of each pro- 
jecting, the first 6 having the micropyles pointing vertically downwards, the 
second 6 having these pointing vertically upwards. The results are given in 
Table IV. 


Table IV. 


•If 

073 


© ^ 


It 



Weight 

Final 

Date of 



Height of 

in grams 

weight 

final 

% Loss 


part exposed 

2. 11.15 

in grams 

weighing 

or (lain 

Fate 

12 mm. 

6- 15 

001 

9. 3.10 

-2*3 

All germinated to nofmal seedlings 

»» »» 

6-38 

6-28 

9. 3.10 

- 1*5 

V »» 

11 „ 

5-52 

5B5 

21.12.15 

+ 2*2 

■»> 

C „ 

7-70 

7-78 

21.12.15 

+ 1*0 

99 99 99 

5 „ 

am 

7-07 

25. 1.10 

1- 1 *50 

99 99 99 

3-4 

()-3S 

0-58 

21.12.15 

4 3*0 

99 99 

li.-ift nim. 

8-07 

8-22 

9. 3.10 

-5*2 

No gerniinat ion 

17-18 „ 


800 

3. 2.10 

3*8 

(U*nn. ] in. then (’(MiHed 

15 „ 

(nn 

0*45 

3. 2.10 

4 4 

9 9 9 9 

10 „ 

hi7 

0*29 

25. 1.10 

1 1 *9 

Deeayed 

8 „ 


0*30 

18. 2.10 

4 1*0 

(ierm. j in. 

l)ef!|)<i«t 

(Mh 

0*49 

1.12.15 

4 5*3 

Deeayed 


Especially in the case of those acorns whose loss was small, the decrease 
was not continuous. Sometimes in the course of the weighings, the weight 
on a given date was greater than on the one preceding, owing no doubt to 
variations in the moisture of the air; and especially in the case of the last 6 there 
was difficulty in obtaining reliable data, as the basal ends soon began to decay. 
The general result, however, is clear that in the case of the first 6, planting 
with the micropyles downwards ensures success, while in the case of the second 
6 even if a commencement of germination was made, this soon ceased. No 
doubt there was too much evaporation from the young radicle in the warm 
atmosphere of the room, and the supply of water not being rapid enough, It 
wilted and died. There would not, of course, be the same rapid evaporation 
in the open, where the temperature would be lower and the relative humidity 
higher. 

C. Germination and the Mowture Supply, First an experiment was carried 
out to determine how much water an acorn can lose before its capacity to 
germinate disappears. According to Guppy ^ an acorn reaches a stable weight 
after it parts with 60 per cent, of its weight. After such a loss has taken place, 
however, many kernels assume a brown colour and a stony hardness and when 
supplied with all the requirements of germination fail to respond. Table V gives 
the amount of water lost up to date of planting and the acorns’ subsequent fate. 

^ Studies in Seeds and Fruits^ 1912. 
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Table V. 


Weight on 

Weight when 

Date of 




Fate 

2.11.15 

planted 

planting 

% Lose 


Average % 

5‘59 

5‘24 ‘ 

23.11.15 

8*3 

1 


Germ, and developed 

7-82 

7-27 


7-0 

1 

7*3 

>» 

7*73 

708 


8-8 

J 



5-06 

518 

15.12.15 

8-8 

1 


Decayed 

7-88 

(i-84 

>» 

15-7 

1 

11-8 

Germ, and dovelopec 

0-98 

8-22 


10-9 

J 



911 

8-39 

23.12.15 

7*7 

1 

1 

>» 

9-08 

7-80 


18-2 

1 

1 

114 

Decayed 

718 

8*42 

,, 

10 4 

J 

1 

Germ, and developed 

8-83 

541 

1. 2.18 

20‘8 



>> 

(>•85 

5-34 

,, 

22*0 

'I 


Decayed 

7-83 

549 

>» 

29-8 


1 

>> 

9 94 

8-73 

»» 

323 


• 27 

J* 

6*81 

4-59 


30-8 



»» 

7'27 

5-78 


204 



f 9 


Attention is here drawn to the individual diHerences among acorns in the 
amount of water they give up in a given time. We find that the average loss 
in weight of those acorns which failed to germinate even when a suitable en- 
vironment was provided was 27 per cent. Taking the individual acorns it 
appears that 20 to 21 per cent, represents the critical loss of water, but this 
figure may be too low owing to the likelihood of a certain loss of water before 
my receipt of the acorns. 

Again, 5 acorns were placed in a bottle containing some calcium chloride. 
After losing 26’8 per cent, of their weight they were planted and subsequently 
weighed one month afterwards. While these were in the soil they gained 
30 per cent, in weight yet no germination ensued, the previous loss of water 
evidently destroying the viability of the seed. 

Another experiment was started to find out whether acorns would ger- 
minate in an atmosphere of higher relative humidity, but with only a small 
part of their surface in contact with the soil. To this end depressions were 
made in the soil by packing the earth round a specimen tube 1 in. in diameter. 
Five such were made of varying depth and the acorns placed at the bottom, 
one to each depression. The following table gives the results. 

Table VI. 

Depth of de|)ression Weight on Weight on 


in mm. 

1.11.15 

18.3.18 

% Loss 

Fate 

35 

8-23 

5*98 

41 

No germination 

25-30 

801 

5-75 

4-2 

)> 

20 

8-84 

5*38 

21-3 

9t 

18 

8-99 

6-57 

80 


15 

7-89 

8-85 

13*2 

»> 


So that in spite of the diminished loss of moisture no germination ensued. 
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A comparison of the loss of water in the preceding experiment with the 
loss from acorns lying on the surface of the soil, and acorns lying on paper 
entirely exposed to the atmosphere of the glasshouse is instructive. 

Average loss of water from acorns in depressions during 19 weeks --9*7 
per cent. 

Average loss of water from acorns on soil surface during 19 weeks ^ 22*5 
per cent. 

Average loss of water from acorns on paper during 19 weeks -- 36*6 per cent. 
This at least shows the value of even contact with the soil in lowering the net 
loss, while an atmosphere of greater relative humidity assists still more in that 
direction. In no case, however, did germination occur. 

We have seen that after the acorn has lost a certain percentage of its water 
even if it be thereafter placed under suitable conditions for germination there 
is no response beyond the merely mechanical imbibition of water. Further 
that even if the amount of water lost is much reduced by simply placing the 
acorns on a soil surface or still more so by placing them in depressions in the 
soil there was no attempt at germination on their part. 

In these experiments we are dealing with acorns which have in part at 
least entered the resting stage so that there can be no question of vivipary as is 
noted by (ruppy^. While therefore the acorns in the above experiments which 
lost on the average less than 27 per cent, of water germinated normally when 
planted, those which lost a very much smaller amount, but placed under 
different circumstances as regards water supply, did not do so, and there 
seems ground for believing that conditions suitable to the germination were 
not provided in the latter case. Again the above-mentioned author gives the 
case where acorns germinated whilst actually drying but adds, “that in most 
cases the loss of water is too rapid and the tendency to proceed at once to 
germinate is suppressed.” In the above experiments the temperature was the 
same in all the supply of oxygen was sufficient, so that ceteris i^arihus, one is 
led to the conclusion that the inhibiting factor has some relation to the supply 
of water. 

Under the soil su;’face the seeds are in direct contact with a film of water, 
and under these circumstances they absorb water mechanically. Now in the 
case of an acorn lying on the soil surface, either in a depression or on level 
ground, there is only a small part of its surface actually in contact with a film 
of water, the remainder being surrounded by an atmosphere with a relative 
humidity varying according to circumstances. The problem resolves itself, 
therefore, into an investigation as to whether acorns can utilise this atmo- 
spheric moisture for germination. In the experiment with the acorns in de- 
pressions one of the acorns gained 1*9 per cent, in weight, a percentage which 
closely approximates the hygroscopic figure given by Guppy, viz. 2-3 per cent, 
about a mean. 


' Guppy, oj), cit. 
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A brief consideration of the occurrence of vivipary in acorns as dealt with 
by this author will assist us to understand the results of the experiments 
given later. He clearly shows that acorns freshly detached hold more water 
than is actually required for their germination and can proceed at once to 
germinate without any external supply. “In fact we have seen that such 
acorns will germinate without a rest period after losing a good proportion of 
their weight by drying. Any check to the drying process of the fresh detached 
nut would directly aid the seed in proceeding continuously with its growth 
and dispensing with the usual period of repose.” Further, “we may infer 
from Berthelot’s principle that hygroscopicity being associated with the water 
which the seed, living or dead, holds in maintaining its equilibrium with the 
air, has nothing to do with germination,” and thereafter he states that the 
germination observed where the atmospheric moisture was apparently utilised 
was in reality due to the fact that the acorn used its own excess water for this 
purpose. In this case the acorns were kept in the atmosphere of an unheated 
room in Devonshire, where the conditions are very humid and may have 
imposed a check on the drying process. The percentage germination under 
these circumstances was in one case 20, and in the other 23, so that to J of 
the acorns concerned were able to utilise this excess water — an excess which 
he estimated at about 10 per cent, of the original weight of the acorn. 

Owing to my inability to procure fresh acorns of either Quercm pedunculata 
or Q. sessiliflora, acorns of Q. Cerris w’^ere utilised in the following experiments 
in an endeavour to show that after a percentage of water is lost, acorns cannot 
absorb sufficient from the atmosphere to enable them to germinate. 

Table VII shows the results of suspending over water, in a corked bottle, 
freshly collected acorns. 

Table VII. 


Original 

Weight aftoi* 


W(Hght 

one week % Lo«« 

F ate 

2-812 

2-728 2-9 

Ocrniinated 

2-215 

2*106 4-9 


2-857 

2-751 3-7 



The acorns were presumably utilising their excess water for germination — 
a process which continued in spite of the loss of moisture. 

Table VIII. 



Original 

weight 

Weight before 
suspension or 
planting 

% Loss 

Greatest weight 
during next 
^ 6 weeks 

% Gain 

Fate 

1 

1 3-112 

2-820 

9-3 

2-897 

2-7 

No germination 

Suspended < 

2-592 

2-350 

9-3 

. 2-375 

1-6 

t9 

i 

1 1-727 

1-550 

10-2 

1-606 

3-6 

% 

( 

3-652 

3-194 

12-6 

3-580 

12-8 

Germinated 

Planted / 

2-392 

2-158 

9-7 

2-416 

11-9 

>» 

1 

3215 

2-800 

12-9 

3-246 

15-9 
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In the next experiment (Table VIII) 6 acorns were exposed in a room until 
about 10 per cent, of their original weight was lost. 3 of these were then sus~ 
pended over water and 3 planted. 

These results show’ that while the planted acorns absorbed the quantity 
of water lost and proceeded to germinate, those suspended in an atmosphere 
saturated with water vapour absorbed a small percentage only while no ger- 
mination ensued. 

From a consideration of Guppy’s experiments and of those described above, 
one is led to the conclusion that an acorn has two chances of germinating, 
either, if conditions are suitable, proceeding with germination straight away be- 
fore it has lost 10 per cent, of its weight (Guppy’s estimate), or if the amount lost 
exceeds 10 per cent, but does not exceed 27 per cent. ^ that germination will take 
place only if the acorns come in contact with a film of water such as is provided 
for them in the soil. If the latter is not provided and the seed can absorb from 
the atmosphere only the water of hygroscopicity, then germination will fail. 

A comparison of the method of storing acorns for spring sowing in this 
country with that in vogue on the continent, will show^ to what practical 
application the above information may be put. Among some foresters and 
seedsmen in this country the method employed is simply to collect the acorns 
in sacks and leave them there until required. Energy is set free in respiration 
and the acorns “ heat.” A large proportion make use of their excess water and 
proceed to germinate, with the result that the percentage germination in 
spring is very low. On the continent much greater care is taken. The authors 
of the Neudammer Forster Lehrbuch^ give the following directions. ‘‘P the 
acorns.... are to be kept until next spring, they must first dry. To that end 
they are piled up on a floor, about 20 cms. high, and turned over once or twice 
daily, until they are no longer moist externally. Nevertheless the drying must 
not go so far that the kernel becomes loosened from the pericarp, and the latter 
becomes wrinkled. Further storage results best in a (specially constructed) 
shed, less well on house floors in 30 cms. deep layers, mingled with dry sand. 
The fruits are turned over perhaps every three weeks, and also as soon as they 
show signs of ‘heating’; thus especially at the beginning of and during un- 
usually damp weather, caution is recommended.” Here we have the pre- 
caution taken first to initiate the drying process to prevent the acorn utilising 
its excess water, and secondly to ensure that this drying process does not go 
beyond the “death point” of the acorn. 

This check to the drying process mentioned above is brought about in 
nature by the provision of a seed bed which has an atmosphere more or less 
saturated with water vapour. Conditions vary in different woods and in 
different parts of the same wood and those necessary for successful germination 
may Ibe brought about in a variety of ways. 

Whether in the Damp Oak wood, Dry Oak wood or Oak-birch-heath as- 

^ Or perhaps 21 ])er cent., see p. 182. ^ 11)02, p. 148. 
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sociations, wherever there is a covering of humus over the acorns, there 
germination is successful. In depressions in the soil where a few leaves can 
collect and form humus, there are often found many seedlings, e.g. in the 
entrances to disused rabbit burrows. Further in the lee of fallen branches 
or where the leaves have been caught, when urged by the wind, among the 
stems and branches of low growing shrubs such as Hawthorn {Crataegus 
nwnogyna), Blackthorn (Prunm spinosa), and Brambles (Rubus spp.), among 
the stems and fronds of bracken {Pteris aquilina) or among Vacdnium 
Myrtillus and Calluna vulgaris, there do we find numerous seedlings coming 
up. Again among grass such as meadow grass, acorns germinate in great 
numbers — a fact noted by Forbes^ and also by Warming^ who says, “If we 
were to leave these (meadows and pastures) to themselves, in time they would 
certainly give way to forest.” A carpet of Sphagnum spp., or Polytrichum, 
commune, provides also locally a suitable seed bed for germination, as 1 have 
observed in the New Forest and elsewhere. 

The above data appear quite sufficient to show that in all the cases cited, 
conditions are such that the necessary environment is provided to inhibit the 
drying process, to allow the acorn to proceed at once with germination or 
prevent the removal of too much moisture before it can do so. During the 
autumn in such situations thousands of acorns are in fact found germinating. 

Regeneration is often successful after felling has taken place; for this reason 
probably, among others, that the acorn becomes embedded in the soil and even 
if it has lost a certain percentage of water it can absorb sufficient for ger- 
mination. In the old days, also, when pigs were driven into the woods for 
pannage those acorns which escaped their voracious appetites were either 
trodden into the soil or buried by the upturned turf, thus concealing them and 
providing a suitable seed bed^. 

Let us review briefly the situations upon which acorns were found unger- 
minated. They were found upon soils characteristically flat, almost devoid of 
vegetation, without humus and of a light sandy nature. The evaporation from 
such a bare surface is much greater than from a surface where leaf mould is 
present. The following figures are taken from Schlich^ quoting Elbermayer. 

Evaporation of water from soil in the open placed at 100 parts. 

,, from forest soil without leaf mould = 47 parts. 

„ ,, ,, with a full layer of leaf mould = 22 parts. 

So that from a bare surface the evaporation was more than twice as much as 
from a soil covered with leaf mould. Should acorns fall on such a surface their 
drying process would immediately commence and their germination would be 
inhibited. These acorns, once they have lost a certain proportion of their 
moisture, cannot then absorb sufficient from the atmosphere to induce ger- 

^ See p. 175. 2 Qecology of PlaniSy p. 323, 1909. 

* Nisbet, British ForeM Trees, p. 207, 1893. 

• Scblicb, Manual of Forestry, VoL i. p. 40, 3rd Ed. 1906. 
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mination and unless they come in direct contact with a film of water which 
can be imbibed mechanically, there is no hope of their germination. 

Whilst I have not found upon bare areas on a clay soil any acorns lying 
ungerminated during the summer, where the general evenness of the surface 
and lack of vegetative covering, either living or dead, identify it with the above, 
I have found small seedlings 1-11 ins. high projecting from small cracks in the 
soil and upon closer examination it was found that the acorns which had 
lodged there had been afforded concealment and conditions suitable for 
germination. It is not that the soil is too hard for the penetration of the radicle, 
requiring to be ‘‘ wounded ” on this account, but that under these circumstances 
the acorn does not find a suitable haven where its moisture can be conserved, 
and tilling of the soil and covering of the seed are necessary either to provide 
this or supply the acorn with the necessary water if it has parted with toe 
much. Not that "‘screefing” or ‘‘wounding” is not a desideratum for the 
better growth of the seedling but it is unnecessary to ensure physical ability 
of the radicle to penetrate the soil. 

A similar result to that occurring on bare soil may be caused by a rank 
growth of herbage, which may prevent the acorns from reaching the soil and 
expose them to desiccation. “All foresters are agreed that in felled areas, 
invaded by a thick carpet of tall grasses such as Molinia caerulea, Poa ne- 
moralis, Poa sudelica, various Festucas, etc., regeneration does not take place 
and one is obliged to break this carpet by ‘ screefing ’ so that the seed can fall 
on the damp soil, there to germinate and take root. Otherwise the seeds sus- 
pended on the vegetation are desiccated and lose their germinative capac^ty^.” 

Again where such species as Deschampsia Jlexiiom and Festuca ovina form 
a mat on the soil surface, acorns readily lose moisture, tlic brown colour of the 
pericarp becoming white. Although on such situations I have found no 
seedlings, the cause may readily be assigned to those factors mentioned in 
Part 1, but the change of colour of the pericarp has been noted before the 
acorn’s disappearance. On this subject Moss‘d writes, “A matter which is not 
sufficiently emphasised is that in a closed plant association seedlings especially 
of plants with large seeds like the oak are rarely found. Now as time goes 
on the ground vegetation of a wood tends to become closed; and this simple 
fact in itself is one of great importance in the question of the rejuvenation or 
degeneration of forests. Some foresters make use of their knowledge of the 
fact and go to great trouble in keeping the ground vegetation open by re- 
moving the woodland weeds.” 

With regard to the effects of a grassy covering of the soil, however, there 
does not seem to be a consensus of opinion. For the natural regeneration 
of the oak under proper sylvicultural methods, preparation of the ground is 
advocated^. In a contribution to the Societe Centrale Forestike de Belgique^ 

^ E. Henry, op. cit. ^ Moss, op. cit. 

* Cf. Schlich, Nisbet, Forbes, opp, cit * For. de BelgiquCy 1909, p. 633. 
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entitled “ La Foret de St Michel,” the author says, “ Do we not often exaggerate 
the difficulty and the uncertainty which the sowing of acorns, whether natural 
or artificial, presents? I confess for my part, to have seen this carried out with 
complete success in Prussia under conditions which formerly had appeared to 
me purely utopian. Among the undergrowth (pr^s-bois) of the forest of Bram- 
vald, the oak regenerates itself to perfection on a soil, superficial, degraded, 
and covered with thick grass. There is produced by natural and artificial 
sowing in the forestry canton of Salmiinster (Spessart) admirable stocks of oak 
on soils invaded by Calluna and Vcu'Arinium. Far from condemning these two 
plants, which, however, receive scant consideration in the forestry world, the 
forester of Bramvald looks upon their presence, but not their superabundance 
(that goes without saying) among the trees to be regenerated with satisfaction. 
If they are harmful inasmuch as they produce acidic humus, they conceal the 
acorns and young plants from forest animals especially from game.” 

These two expressions, seemingly contradictory, may be harmonised if we 
consider the type of ground flora more in detail. Undoubtedly where the 
acorns fail to reach the ground and are desiccated, or even if they germinate 
and the radicle fails to find a suitable medium before that occurs, regeneration 
will not take place. Or even if they do reach the soil and germinate normally 
but the seedlings are quickly overtaken by tall herbaceous species the chances 
are very much against their establishment. Now in pastures where grazing 
occurs and the acorns lie on the soil, germination is good and the establish- 
ment of the seedling seems assured if such grazing ceases and the seedlings 
grow up amidst grass which is not tall enough to cut off the supply of light. 
The determining factor seems to be whether the ground association is absolutely 
closed throughout the year, preventing the germination and establishment of 
the seedling, or, if not closed, the constituent species of this association forming 
a rank growth sufficient to cut off the light supply if germination takes place. 
From an examination of the list of species (v. Types of British Vegetation, p. 81) 
to be found in the ground flora of a Damp Oakwood, and from my own obser- 
vations on a wood of this type, the herbage does not form an association close 
enough nor of such rank growth as to prevent the germination and establish- 
ment of the seedling. Undoubtedly from a strictly sylvicultural point of view 
the removal of any rank growth is a desideratum, but where there is a plentiful 
crop of acorns, regeneration need not cease to take place solely on account of 
the presence of such. Such regeneration may be patchy but there would 
certainly be enough seedlings to ensure the continuance of the forest, or in 
other words to ensure successful natural rejuvenation. 

Further, there seems to be no inherent difficulty in the recolonisation of 
scrub or neutral grassland by the oak, if other factors such as the grazing of 
animals were eliminated. In this connection the reader should compare 
“Warming’s remarks, previously quoted, on the invasion of pastures and 
meadows. 
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A study of the plant formation of the older siliceous, soils, while presenting 
a ground flora in the damper parts of the oakwood association similar to that 
of the Damp Oakwood of clays and loams, and consequently not unsuitable 
to the germination of acorns, does not indicate the same suitability as a seed 
bed for these in the scrub and grassland associations to which the highwood 
may degenerate. From a comparison of the lists of species characterising the 
ground flora of the woods of Quercus sessiliflora and of the associated scrub 
(for lists see Moss, op, cit,) we find that in the latter, plants of the wiry type, 
e.g. DescJiampsia fiexuosa, Festuca ovina, etc. predominate, tending to form u 
mat on the ground surface. Acorns falling upon such springy turf would tend 
to bounce upwards and then lie loosely on the surface. Were such grasses to 
form a closed association, and in consequence be the only seed bed available 
for acorns from the occasional oaks, the conditions are such as to expose tht- 
acorns to the desiccating action of the wind, and as we have seen they cannot 
regain sufficient moisture from the atmosphere. This may be a partial ex- 
jManation at least of the lowering of the altitudinal limit of oak on the Pen- 
nines. Other factors such as the “ indiscriminate felling of trees and the grazing 
of quadrupeds*” may in part initiate such a degeneration from the typical 
oakwoods to scrub, but once the ground association becomes closed by such 
grasses as the above it is difficult to see how regeneration can take place. The 
initiation of this process of retrogression may also take place in those drier 
parts of the wood where acidic humus is present in good quantity— a surface 
layer which is very favourable to colonisation by Deschantpsm (noted 

by Moss and Woodhead) whose ‘Mense dry wiry tussocks” would present an 
unfavourable medium for the germination of acorns. The difference in the 
water content of the soil, correlated with the formation of acidic humus, by 
favouring the growth of these grasses, })revents successful regeneration of the 
oak. 

The Dry Oakwood association presents a rather varied ground flora ac- 
cording to the character of the soil and the supply of light which reaches the 
ground. The soil of this association is characteristically poorer in humus tlian 
that of the Damp Oakwood but wherever we find the leaves (‘ollecting, there 
do we find germination normal. Also in those parts of such woods where the 
ground flora consists of herbaceous species which do not form a springy turf, 
and which do not impede the acorn in its fall from reaching the soil, seedlings 
appear in normal numbers. Similarly a Holms mollis society, the intervals 
between the constituent members of which are occupied by humus, furnishes 
seed beds favourable to the germination of acorns, as I have observed in oak- 
woods in Suffolk. Parts of such woods are, however, often occupied by Des- 
champsia flexuosa and where this forms a close mat, the conditions are similar 
to those previously mentioned in the case of scrub on the Pennines. Bracken 
is also locally abundant in such woods, but its influence will be discussed later. 

After explaining Graebner’s account of the degeneration of oak forest to 
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heath by impoverishment of the soil, the authors of The Woodlands of England^ 
go on to say that the replacement is much accelerated by the felling of trees. 
“ This tends to rApid deterioration of the soil through destruction of the mild 
humus by sun and wind, and on suitable soils enables certain mosses and other 
plants of the heath association to find an entry. Not only does the felling of 
mature trees considerably diminish the supply of seed, but there can be no 
doubt that the occupation of the soil by a heath vegetation with its accompany- 
ing layer of acid peat, checks or altogether arrests its recolonisation by such a 
tree as the oak. This is perhaps due to unfavourable conditions of germination.” 
On account of the open character of the wood, far more light is allowed to 
reach the ground and where exposed to the action of the wind the ground is 
swept clear of all the fallen leaves. Conditions are suitable for the propagation 
of Deschampsia flexuosa which is the characteristic grass of the Oak-birch-heath 
association, and where bare areas occur, or areas with only sparse bracken, as 
under isolated oak trees, the conditions for germination prove unsuitable and 
regeneration becomes impossible. Where Vaccinium Myrtillus or Calluna 
vulgaris has stayed the flight of the leaves, acorns, if they fall among these, 
germinate quite normally. 

A general review of these associations of oakwoods leads one to the belief 
that areas unsuitable for acorn germination become increasingly frequent as 
we pass from the Damp Oakwood to the Oak-birch-heath, and even supposing 
the acorns to be left intact we should expect seedlings to diminish numerically 
as we pass from the one association to the other, not only because of the de- 
creased number of parent trees, but also on account of the considerations 
mentioned above. 

PART III. 

Establishment and Fate of the Seedling. 

In spite of the vast mortality among acorns and the failure to germinate 
on certain areas, we find in certain places during the following spring thousands 
of seedlings pushing their way through the humus or soil. Yet, in 3 or 4 years’ 
time, or less, nearly every one of this large number has disappeared. We have 
now to deal with the causes of this disappearance. 

To find out whether the type of soil inhibits germination in any way 
100 acorns (50 Q. pedunculata and 50 Q. sessilifiora) were planted in each of the 
following three kinds of soil, viz. loam, chalk, and acid peat bearing Calluna. 
The germination varied between 96 per cent, and 100 per cent, and was there- 
fore normal in all cases. 

Another experiment was carried out to ascertain whether depth of planting 
in humus had any inhibitory effect. A control plot where ordinary garden soil 
was used was also planted. 15 acorns were planted at successive depths of 
3, 6, and 9 ins. in each. The results are given in Table IX. 

' Moss, Rankin and Tansley, The- Woodland^i of EngUind, 1910 . 
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Table IX. 



In Humus 


In Soil 

J. 



ins. ins. ins. 

ins. 

ins. 

in.s. 

Depth of planting .. 

3 6 9 

3 

() 

9 

No. planted ... 

15 15 15 

15 

15 

15 

No. germinated 

11 9 12 

8 

10 

10 


The poor germination may be accounted for by the fact that out of every 
]5 in each layer, 10 were from acorns kept in a room for some time and the 
remaining 5 were collected in woods in the neighbourhood of Cambridge, 
where by that time (March) they were extremely difficult to gx^t, so effectively 
had the agents mentioned in Part I diminished the supply. Nevertheless so 
far as the experiment goes it shows that planting in humus to a depth of 9 ins. 
did not interfere with germination. 

The conditions under which acorns may proceed to germinate are described 
in Part IT and even on bare soil the acorn, by utilising its excess supply of water, 
may germinate, especially if the surroundings are humid enough to impose a 
check on the drying process, as e.g. in a society of Merciirialis perennis\ which 
Salisbury^ has shown occupies the damper soils. Among grass many germinate 
and establish themselves, but on bare soil, while some may do so, a certain 
percentage, djepending on the conditions, die either from the, effects of frost 
or simply from desiccation through the exposure of their radicles. 

Given that the seedlings establish themselves we have still to account for 
their disappearance later. With a view to identifyiiig the causes of disap- 
pearance, I marked in 1915 certain areas in woods at Midhurst in Sussex and 
in Staff hurst Wood, Surrey (on the Kentish border) and visited them periodic- 
ally. Certain areas were chosen where rabbits were known to be absent, 
others quite exposed to animals were marked and a few were enclosed. By 
utilising a method similar to that adopted to establish the fact of the dis- 
appearance of the acorns (Part I) the same was ascertained to be true of the 
seedlings. 

The following results (Table X), compiled from a selection of a number of 
plots, give the fate of the seedlings up to January, 1916, i.e. 8 months or less 
after their germination. The third column gives the number of seedlings at 
the commencement of observations, the last the number in Jan. 1919. 

In the follovAung compilations it is necessary to point out that difficulty 
was experienced in relegating certain of the seedlings to their respective groups, 
e.g. the amount of shoot absent distinguishes the “cut off” from those with 
“tips off,” and clearly such a division is an arbitrary one. Further difficulty 
was experienced in distinguishing certain seedlings, whose tips had withered 
through the agency of a fungus and subsequently fallen off, from those with 
their tips off through the action of herbivorous animals, the uppermost part 

1 “The Oak-Hornbeam Woods of Hertfordshire.” Journ, of EcoUxjy, 6, p. 1018. 
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Table X. 


On sandy soil, exposed and left to natural agencies. 




Initial 



No. in January, 1910 


No. in 

■\T/% r' 


■NTrt 



-A.. , . 


Jan. 

ISO. c 

Plot 

I^escription of plot 

1915 

Normal 

Dead 

Diseased 

Cut off Tips off 

Missing 

1919 

1 

1 in. humus. No vege- 
tation, dense shade 

39 

5 

14 

5 

7 G 

2 

0 

2 

3 

Under dense shade of 
Rhododendron 

1 in. humus among 

18 

2 

3 

5 

8 


0 


some brambles 

255 

31 


2 

60 

172 

0 

4 

Open association of 









grass with thin car- 
pet of leaves 

17 

G 


10 


1 

3 

5 

1 in. humus. Light 
canopy. Bracken 

present but fronds 









removed 

250 

32 


6 

87 

125 

0 

G 

Among brambles, soil 









with some leaves but 
mostly bare 

17 

5 



1 4 

7 

0 

7 

Deep humus. Light 









canopy. No vegeta- 
tion 

23, 

5 


1 

12 

5 

3 

B 

Among humus. No 









vegetation 

25 

7 

1 

3 

1 10 

« 

3 

— 

9 

Bare soil, afterwards 









shaded by bracken 

17 

1 



3 

13 

0 


Totals 

(>G1 

94 

18 

32 

119 70 

328 

G 









less 


% Totals 


14-2 

2-7 

4'8 

18 lOG 

496 

than 1 


Table XI. 

On sandy soil, enclosed against rabbits or where rabbits were known 
to be practically absent. 

Initial No in January^ 191 G No. in 


No. of No. — — ^ ^ Jan. 

Plot Description of plot 1915 Normal Dead Diseased Cutoff Tips off Missing 1919 

1 In deep humus. No 

vegetation 91 G5 0 IG 1 3 0 

2 Area in part bare, ex- 

posed to full sun- 
light 12 10 3 5(av.) 

3 Amonsr grass. Light 

canopy 127 84 1 7 13 16 6 14 

4 1 in. humus. No vege- 

tation 57 5 1 27 4 20 1 

5 „ „ 24 17 7 0 


Totals 311 164 7 24 57 23 36 * 20 

% Totals 52*7 2*2 7*7 18-3 7-4 11*6 6-4 
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Table XII. 

On sandy soil, enclosed from all animals. 

Initial No. in January, 1916 No. in 

No. of No. f ^ Jan. 

Plot Description of plot 1915 Normal Dead Diseased Cutoff Tips off Missing 1919 


1 

Area mostly bare. In 
full sunlight 

130 

126 

1 




3 116 

2 

1 in. humus. Bracken 









present but removed 

17 

16 

1 




14 

3 

2 in. humus. Dense 









shade. No vegeta- 
tion 

333 

65 

21 

243 

3? 

1 

0 


Totals . ... 

480 

207 

23 

243 

3? 

1 

3 130 


% Totals ... 


431 

4-8 

50-6 

•6? 

•2 

. -6 27 


Table XIII. 


On clay, unenclosed. 


lo. of 

Initial 

No. 

t 


No. in January, 1916 

.-A. 

No ii 
, Jan. 

Plot Description of plot 

1915 

Normal 

Dead 

Diseased 

Cut off Tips off' Mi.ssing 

1919 

1 1 in. humus. Under 

shade, no vegeta- 
tion 

36 

14 


1 

14 4 3 

2 

2 1 in. humus. Open 

ground floor 

95 

62 

4 


14 l.'i 

3 

3 »> »» 

7 

7 




0 

4 Beech and Oak can- 
opy. Open S cilia 

nulans 

26 

13 

3 


2 8 

0 

5 Open association of 

vernal species 

36 

9 

1 

2 

8 10 

0 

6 Open canoifv. Varied 

ground flora 

48 

44 

2 


2 

16 

Totals 

248 

14!> 

13 

3 

40 7 36 

21 

% Totals ... 


(!01 

5-2 

1-2 

101 2-8 14-.5 

8-5 


of tLe remaining shoot then withering up and presenting a similar appearance. 
Also, during the course of early summer young seedlings appeared in certain 
plots, thus creating a difficulty in separating those previously observed from 
those coming up later. Where this occurred a conservative attitude was 
adopted and the data on that account may not represent the full ravages of 
the marauders. Further I have included in the column of “normals” those 
plants, which while the leaves were attacked by a fungus, yet had not then 
reached the dying or badly diseased condition, for as will be explained later 
most of the seedlings observed showed the presence of a fungus. On account 
of the above and of certain minor difficulties the percentages may be elastic 
to the extent of 2 or 3 per cent. ; but this does not affect the main result. 
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The Effect of Animals. 

Omitting those which are classed as “missing” and grouping those which 
are “normal,” “dead” and “diseased,” and comparing the results with the 
combined “cut offs” and “tips off,” under varying exposure to animals, we 
arrive at the following percentage results (Table XIV, compiled from Tables X, 
XI and XII only) of seedlings surviving in January, 1916. 

Table XIV. 

Exposed to Protected from Completely 



animals 

rabbits 

protected 

Normal ... 

14-2 

52-7 

43- 1 

Dead 

2-7 

2-2 

4-8 

Diseased . . . 

4*8 

7-7 

50*6 

Totals ... 

21*7 

(>20 

98*5 

Cut off 

18 

18-3 

•6? 

Tips off ... 

loti 

7-4 

.2 

Totals ... 

2S(> 

25-7 

•8 


These figures are very significant, as showing in the first place the relative 
percentages which remain in the exposed, partially protected and completely 
protected plots, 22, 63 and 98'5, respectively. Secondly there is a decreasing 
percentage of those whose shoots are cut over as we pass from the exposed to 
the fully protected. 

If we examine the columns of those “ missing ” we find a similar diminution 
as we pass from one series to the other, there being 49-6 per cent, classed as 
such in the exposed, 1 1-5 per cent, in the partially protected and less than 
1 per cent, in the fully protected~a decrease which suggests a certain relation- 
ship between protection and those agents which such protection excludes. 

In this way we get a series of figures which definitely show the value of 
protection against those agents which are responsible for the disappearance 
or for the cutting over of the seedlings. 

During the course of these observations I repeatedly found seedlings which 
had been cut off about |-1 in. above the surface of the ground, leaving a short 
stump, and the remainder of the aerial part either removed or lying near. 
Further in humus I often came across seedlings remaining in the upright 
position, with the leaves wilted and dry but still attached. Upon my pulling 
the seedling, I found it to come away quite easily and upon further examination 
discovered that it had been cut through below the surface level of the humus. 
Such areas were also undermined with numerous tunnels of small burrowing 
animals. The supposition naturally suggested itself to me that in the latter 
case at least, voles and mice in the course of their burrowing through humus 
found a shoot or radicle of a seedling in their way and simply gnawed it through. 
Such an explanation, however, did not account for those seedlings which had 
been cut over above the ground surface. I therefore watched a particular plot. 
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and after I had waited a short time a mouse made its appearance from a 
burrow in the area marked, and after a preliminary circumspection went to 
a seedling and gnawed through the shoot. It then proceeded to another and 
did the same again, the shoot toppling over and lying on the soil. No attempt 
was made in this case to look for the seedlings’ acorns. 1 presume the explana- 
tion is that mice, being rodents, require some suitable material to gnaw in order 
to wear down their continuously growing incisors and evidently the shoot of 
the seedling oak is to their liking from this point of view. 

As a result of these observations I made a separate column in the above 
data for those ‘'cut ofF.” 

It is the unanimous testimony of foresters, whether expressed orally or in 
the literature of forestry, and also of workers in ecology, that rabbits do ex- 
tensive damage in woods, and by eating the seedlings impede or wholly prevent 
natural regeneration. I have never actually seen rabbits thus engaged, but 
the opinion is so unanimous and so well established that we may assume they 
cat oak seedlings. Now the damage done to seedlings may be exactly identical 
with that done by mice except that in the former case no shoot remained by 
the side of the stump (although this is by no means invariable in the case of 
mice) the leaves and shoot evidently providing the rabbit with provender. 
The more woody parts of the seedlings are, however, seemingly unsuitable, as 
on several plots many bits of shoots were found. In other cases only the leaves 
and tips of the shoots were taken, and in still others only the leaves, short 
parts of the petiole with sometimes parts of the blade remaining attached — a 
distinction which is of value in distinguishing the stripping of the shoots 
through the agency of rabbits from stripping due to the fall of the leaves after 
their death has been brought about by disease. In many cases after this cut- 
ting off or stripping occurred, latent buds produced new shoots, which in turn 
were cut over and in some cases even a third shoot was put forth. Against 
such attacks the seedlings cannot hold out indefinitely. 

The relation between the number reported missing and the degree of pro- 
tection afforded has already been noted. If we discount the percentage 
missing in the enclosed areas (a percentage less than one) and deduct those 
missing through other agencies than rabbits from the percentage thus reported 
in exposed areas we get (49-G — 11*5) 38*1 per cent, still unaccounted for. The 
explanation of this may be that not only do rabbits nibble seedlings but may 
gnaw them off so close to the ground that on subsequent visits there were no 
subaerial parts left on which to base observations. 

The actual damage done by rabbits varies of course in different places 
according to the attitude assumed towards them by the owners, bailiffs or 
gamekeepers of the different estates. When preserved in unfenced warrens 
their presence in neighbouring vegetation is naturally at its most severe pitch. 
These rodents, however, prefer a sandy soil, in which they breed, and if left 
alone, multiply rapidly, A clay soil on the other hand is unsuitable for their 
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colonisation and rapid multiplication. In this connection it is interesting to 
compare the damage done by rabbits on the sandy soil at Midhurst, with that 
caused by the same agents at StafPhurst Wood on clay and loam (Tables X 
and XIII). For this comparison I shall include those with “tips off” and those 
“missing” as being largely due to rabbit agency. The total for the Midhurst 
plots is 60-2 per cent, and for the Staffhurst plots 17-3 per cent., figures which 
in a general way show the greater efficacy of rabbits as destructive agents on 
sandy soil than on a clay soil. 

The percentage lost through the agency of birds is not large. In their case 
evidence of their pecking in the soil in search of the acorn reveals the agent 
responsible, and I have known jays peck out acorns in this way. If the root 
has a firm hold of the soil, the acorn will be detached, leaving the seedling 
behind. 

The above data clearly show the efficacy of animal agency in reducing the 
number of seedlings. These tables are compiled from observations made up 
to January 1916; Owing to absence abroad I was unable to visit the plots 
again until January 1919. The last column shows the number of seedlings 
then alive on plots which did not coincide absolutely with the original ones, as 
the stakes, which were utilised for marking off the areas and were chosen so as 
to minimise as far as possible any interference from outsiders, had all decayed 
and were indistinguishable from fallen branches. But in every case an' area 
as nearly as possible coinciding with the original one was examined, with the 
results as entered in the last column. In the exposed areas on sandy soil only 
1 per cent, remained, in the partially protected 6-4 per cent, and in the fully 
protected 27 per cent. On clay, unprotected, 8*5 per cent, remained. These 
figures represent the remnant after nearly 4 years from all causes operating 
against the seedlings’ establishment. On account of my absence no data could 
be obtained as to the fate of these now missing, but the data available are 
quite sufficient to prove the efficacy of animals as agents militating against 
successful regeneration of oakwoods, especially on sandy soils. 

Supplementary evidence as to the value of protection from animals was 
patent from observations made in the New Forest towards the end of August. 
Among such spiny plants as Ilex AquifoUum, Prunm spinosa, Crataegus 
monogyna, etc., usually near the periphery of clumps of these, saplings of 
various heights were found growing up among the protecting branches. 
Their demands for light led them to incline their stems to the outside of this 
protection but rarely did I find any protruding twigs which would be liable 
to be nibbled by the cattle, ponies, sheep, deer, etc., which roam through the 
Forest, or if they do proj ect they are promptly eaten back. Once these branches 
emerge from this protection sufficiently high up to escape the browsing ani- 
mals, the future of the tree is assured. It is no uncommon thing to find a large 
oak standing in the centre of such a clump — an oak which has grown up with 
the thorny species, 'the latter affording it the necessary protection. This 
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phenomenon has been recorded by numerous observers^ for trees in general 
and undoubtedly the protection thus afforded was the salvation of the oaks 
in question. There were also in the Forest some oaks with a stem about ^ in. 
in diameter and a bushy crown, growing among heather and whose height was 
the same as that of the surrounding vegetation. The small stature and bushy 
form were no doubt due to the continual browsing of animals upon the young 
shoots which projected above the level of the surrounding vegetation. Further, 
under the protection of spiny plants oaks may colonise new ground in pro- 
gressive scrub^. At Petworth on a piece of waste land, overgrown with tal! 
gorse, there are a few oaks coming up, their foliage adequately safeguarded 
against animal attacks, whilst the acorn may also have escaped the smaller 
animals owing to the spiny medium of fallen thprns not being conducive to 
their comfort. Pounded gorse has been recommended^ as a protection against 
these. 

When natural regeneration is found in certain areas the absence of some of 
the animals above mentioned usually accounts for it. One of the most success- 
ful examples of natural regeneration in the South East of England may be 
seen at Petworth, where on a particular estate rabbits are treated as vermin. 
Part of an oakwood was felled and enclosed against the roe deer present on 
the estate. No greater testimony to the value of protection can be had than 
to compare the part enclosed with the unenclosed. In the former regeneration 
is proceeding normally, while in the latter no saplings are seen at all or if so 
they are small and kept down. Here as in other places the presence of the 
workmen for a period may have helped to frighten away the animals and the 
general absence of vegetation which may attract them, for a year or so, 
probably also assisted towards the preservation both of the acorns and the 
seedlings. 

The effect of a fungus (Oidium quercinum ?). 

In the above tabulated data there are columns set aside for the “dead"’ 
and “diseased,” but as already remarked the vast majority of the seedlings, 
no matter where examined, showed the presence of a fungus. This fungus is 
one of the mildews provisionally called Oidium quercinum, as so far perithecia 
have not been found. More recent examinations^ of the conidia do not identify 
this fungus with the Oidium quercinum of Thiimen, but as the matter is still 
unsettled I shall adhere to the provisional name given above. Attention was 
called to this fungus during the last quarter of the preceding century and more 
recently in Britain. The disease was observed on oak seedlings in woods 
throughout the South of England from Kent to Dartmoor and in the Forest 
of Dean. It occurred on plants on all varieties of soils and under all conditions 
as to light, e.g. from the heavy clay of the Weald to the light sandy soils at 

’ E.jj. Adamson, Proc, hinn. Soc., 1911, p. .‘139, Tansley, oj). cit. 

2 Adamson, op, cit ® Elwes and Henry, op. ciu 

^ Griffon and Maublanc, Bull, de la Soc, Myc, de France^ 1910. 
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Midhurst and in the New Forest, as well as in those oakwoods degenerating 
to heath. It occurred likewise on seedlings exposed to full sunlight and on 
those under dense shade. The apparent effects of the fungus differed, however, 
in the various situations, but, as from my experiments it was impossible to 
determine what contribution the diminished supply of light paid and what the 
fungus paid towards the death of the seedling, in dealing with these two factors 
separately, this must be borne in mind. 

Comparing the plots enclosed from animals (Table XII) where the some- 
what heterogeneous column of “missing” is reduced to a minimum, we find 
that in plot 3 out of a total of 333 seedlings under dense shade, 266 are classed 
as dead or diseased, whilst in the other two plots there are only 2 reported 
dead. It may here be recalled that the column “ diseased ” includes only those 
which were suffering badly and were likely to die, whilst so long as the leaves 
remained turgid, the plants to which they belong are classed as “normal.” 
Both the latter plots were exposed to full sunlight during 1915. Further, of 
those plots fully exposed to animals Nos. 1 and 2 were under dense shade. Out 
of the total number of seedlings in these two plots (57) 27 are classed as dead 
and diseased (— about 47 per cent.), whilst of the remaining seedlings in the 
other plots (604) only 23 are so classed ( — about 4 per cent.). Further, in plot 1 
of those protected, after 3 years the seedlings were from 2-3 ft. high, while in 
plot 2 they were only 9 ins. high ; and here it is necessary to explain that bracken 
grew up uninterrupted during those years and shaded the seedlings. So that 
seedlings even although diseased can withstand the effects of this fungus and 
grow normally when supplied with sufficient light. How much of this dimin- 
ished growth was due to the deficiency of light supply and how much was due 
to the disease acting more powerfully on a plant rendered less vigorous by 
growing in shade, cannot be determined from the above. Further experi- 
ments in this direction are required. 

If we compare the seedlings under an open canopy on heavy clay soil with 
those on light soils under similar conditions the plants on the former seem of 
darker colour and more healthy than those on the latter. Yet a comparison 
of the exposed plots on sand with those on clay does not at first glance bear 
out this observation, for in the former 7*5 per cent, were dead or diseased 
while in the latter 6-4 per cent, were in a similar condition. If however we take 
into account the heavier mortality that has taken place in the former through 
animal agency, and consider those which are still exposed to the disease by 
comparing the normal with the diseased in both sets we arrive at the following : 

On Sand. 7-5 per cent, dead and diseased while 14*2 per cent, remain 
normal. 

On Clay. 6*4 per cent, dead and diseased while 40-1 per cent, remain 
normal. 

This shows that up to my last observations the disease had more effect 
on seedlings growing on sand than on clay. 
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The fungus first appears on the leaves, which, upon the attack spreading, 
ultimately wilt. It thereafter attacks the shoot itself. Diseased leaves usually 
fall off so that in many cases where at first no seedlings are apparent, a closer 
examination reveals them quite stripped of their leaves with nothing but the 
shoot left, and even of this the tip is often diseased. Such seedlings, drawing 
on their reserves, often put forth new shoots, but the young leaves are im- 
mediately attacked and quickly succumb. This cannot continue, so the plant 
dies. 

The effect of light. 

For lack of exact experiments and data, opinions may differ as to the 
amount of light required by young oaks, but all agree that it is a “light 
demander” throughout its whole life history. Cordon^ conducted a series of 
experiments where “ an attempt is made... to determine more or less accurately 
the conditions most favourable to the development of advance growth (i.e. 
oaks from the seedling to the pole stage growing in association with the parent 
trees), in other words to determine approximately the optimum conditions for 
natural regeneration ” ; and his conclusions are in agreement with the generally 
established idea. “Long experience has shown that for the oak the lightest 
possible shade of seed bearers is compatible with most successful natural 
regeneration.” 

Now it has been recorded by Woodhead^ that bracken often marks the 
site of degenerate woodland and ecologists testify to the frequency of this fern 
on sandy soil especially in the opener parts of woods. If we neglect the effects 
of the fungus and base our conclusions on the above established principle, 
then it seems clear that where bracken colonises the floor of a wood, the light 
supply will be cut off from the seedlings. Those seedlings 1 have observed under 
bracken were, at 4 years old, from 6- 9 ins. high, while the last 2 or 3 years’ 
growth was limited to | in. or thereabouts in each year — seedlings which put 
forth their leaves and probably assimilated enough food to keep them alive 
before the bracken fully expanded its fronds (early June in S. of England) and 
cut off the supply of light. In these experiments there was no question of toxic 
action^ produced by the decaying fronds overlying the seedlings, as the fronds, 
becoming entangled in the wire netting overhead, remained suspended. Under 
such conditions the seedlings cannot survive indefinitely and eventually die. 
Where the bracken is very sparse I have seen in an enclosed area the seedlings 
18 ins. to 30 ins. high during a like period. 

Bracken, however, may act in another w^ay. If the crop is dense the heavy 
rains and winds may cause it to become “lodged,” when the bracken drags 


^ Trans, of Scot. Arb. Soc.^ Vol. xxv. p. 147, 1912. 

Journ. Linn. Soc., 1906, p. 3311. 

® H. JefEreys, B. P. Farrow, Journ. of Ecology. 6, pp. 14.5 and 165 respectively, 


1917. 
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down any young growth that still persists. Seedlings thus treated lie flat on 
the ground and under such conditions regeneration is impossible. An example 
of this may be seen at Petworth where in the enclosure (previously mentioned) 
part of the area shows saplings 10-12 ft. high while the area with a dense crop 
of bracken reveals few plants and these have assumed the attitude above 
described. In this case bracken may have had a toxic effect in reducing the 
number of seedlings, but, as previously pointed out, it can cause the death or 
dwarfing of the latter by simply cutting off the supply of light. 

Where little or no bracken was present, as in Staffhurst Wood on clay, the 
supply of light which reached the ground was evidently insufficient to induce 
normal growth, for there also the surviving seedlings were only from 6-10 ins. 
high. 

The effect of a leaf-eating agent. 

On the majority of the seedlings observed in certain plots and on many in 
others, the leaves were observed to be eaten. Either pieces were taken from 
the edge of the leaf or holes were cut from its surface. The seedlings attacked 
worst in this way occurred either among humus or among grass, but this is 
not invariable, as under both conditions in some plots the leaves either re- 
mained entire or were scarcely touched. Plants under dense shade appeared 
to suffer less in this way than those under an open canopy. For example 
2 plots, where records were kept of the numbers of plants thus affected, 
showed 25 per cent, attacked under dense shade, while two others under an 
open canopy showed 75 per cent. Further, out of a total of 248 seedlings in 
the plots at Staffhurst Wood on clay 42 (=17 per cent.) were recorded as 
having their leaves eaten, a much smaller percentage than the average with 
leaves thus attacked on sand. On the plots fully exposed to light, where the 
parent trees had been felled the previous year, the seedlings were character- 
istically unaffected in this way. Generally speaking, for all the plots examined 
do not bear out the above deductions, the agent responsible apparently 
occurred in greater numbers where vegetation was present and was also more 
prevalent on sandy soil than on clay, being almost entirely absent where the 
soil had been consolidated by the woodmen in both felling and planting opera- 
tions. 

The damage done is similar to that of the earwig on Dahlias; and although 
I have examined numerous seedlings for any animals likely to cause this I 
failed to discover any. Most probably the agent, whatever it is, is nocturnal 
in its habits, retreating during the day into the soil. Few deaths can be as- 
signed to this cause, but, by a reduction in the manufacturing parts of the 
vegetative tissue, effects reacting upon the seedlings’ vitality are undoubtedly 
caused, e.g. the fungus previously mentioned would be more deadly on a plant 
whose vitality was thus impaired, where the full benefit of the available light 
supply could not be taken advantage of on account of the reduced leaf surface. 
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The inflmnce of other factors. . 

Other causes undoubtedly affect the plant’s welfare in this way, e.g the 
occurrence of galls both on the leaves and the roots, and the presence of a 
coccid on the shoots must reduce the capacity of the seedlings to resist the 
attacks of disease, or to hold out where the light supply is none too abundant. 
But the occurrence of these is not general and at the most only a very small 
percentage of deaths can be attributed to these causes compared with the 
mortality due to the causes mentioned previously. 

Interference with the Balance of Nature. 

In the present investigation it is pertinent to ask why regeneration was 
successful in former days and successful now only in isolated places. Were 
acorns devoured in such wholesale quantities then as now and did as many 
seedlings disappear? 

Apart from those factors considered in Part II, and apart from disease, 
the chief causes of the failure of natural regeneration of the oak are herbivorous 
animals. Has there been an increase in the number of these since primeval 
days, especially of rabbits and the smaller animals? We have no exact statistics 
of the animal population of any wood, but that there has been a general in- 
crease in the number of rabbits, mice, voles, certain birds, etc. may be gathered 
from the following considerations. 

Carnivores feed on various animals, including lierbivorcs, and herbivores 
feed on vegetation. Man, when he became a stock breeder, a keeper of herbi- 
vores, or of fowls, found it necessary for the more rapid multiplication of his 
flocks and herds to reduce loss as much as possible. Hence he became the 
enemy — if he had not already an instinctive hatred of carnivorous animals — 
of all such as preyed on cattle, sheep, pigs, fowls, etc. Not only did he protect 
his flocks from the inroads of these carnivores but he waged war, carrying it 
into his enemy’s own country, with the result that certain of these have become 
extinct or nearly extinct in our island, and against those which still survive 
a bitter war is carried on. 

More recently the rearing of birds for game has intensified the struggle and 
carried wider afield this warfare against all such animals as destroy or are 
reputed to destroy the game. The protection of these birds is left in the hands 
of the gamekeeper who, whatever interests are affected thereby, performs his 
duty only too efficiently by suppressing those animals which destroy young 
pheasants, etc. 

Further, many carnivores are trapped for the sake of their skins, and the 
pursuit of this occupation tends still more to reduce their numbers. Similarly 
with many of our birds of prey, which are shot either for decorative purposes 
or because they destroy game, or at least have such charges imputed against 
thenu 
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.Now the herbivorous animals and birds, whether domesticated or wild, not 
being molested to so great an extent by their natural enemies, multiplied in 
proportion and in peopling the soil eat or destroy whatever vegetation is 
suitable to supply their wants. In this way the increase of destructive agents 
may be accounted for. 

The following is a list of animals which prey on mice, rabbits, birds, etc., 
and their names arouse at once a feeling of animosity in the popular mind, so 
general is the beUef that they are inimical to man’s welfare, or to the increase 
of his wealth. 

Enemies of mice, rabbits, pheasants^, etc. : Owl, Buzzard, Gull, Rook, Black 
Crow, Hooded Crow, Kestrel, Polecat, Stoat, Weasel, Fox, Marten, Badger, 
Hedgehog, Shrew. 

Man, by upsetting the balance of nature, and assuming control of what 
directly affected his own interests, is now paying the penalty in other ways, 
and must, having killed or suppressed the controllers, either assume total con- 
trol himself br assist in such by a judicious encouragement of those animals he 
once considert^ his inveterate foes. “Civilised man has proceeded so far in 
his interference with extra-human nature, has produced for himself and the 
living organisms associated with him such a special state of things by his 
rebellion against natural selection, and his defiance of Nature’s pre-human 
dispositions, that he must either go on and acquire firmer control of the con- 
ditions or perish miserably by the vengeance certain to fall on the half-hearted 
meddler in great affairs*.” 

SUkMAKY. 

In the light of the foregoing what measure of success in natural regeneration 
may we expect to be found in the different oalfwood associations? 

The importance of certain animals in the economy of the woodland has 
been pointed out in connection with the disappearance of both the acorn and 
the seedling. The prevalence of certain of these animals is in large measure, 
of course, dependent on local circumstances, e.g. on the attitude assumed to- 
wards them by the proprietors of the various estates. Pheasants for example 
may to a greater or less extent be thus limited. But in the case of the rabbit, 
natural circumstances favour its increase on sandy soils, so that the damage 
done on soils of this kind is greater than on clay soils. From the data available 
mice do not seem to be restricted in this way, so we may assume their ravages 
to be fairly evenly distributed over the various types of soil. 

The importance of concealment to the survival of the acorn and the value 
of a humus layer in this connection are pointed out. The latter occurs more 
abundantly in the Damp Oakwood than in either the Dry Oakwood or Oak- 
birch-heath associations. 

The relation of germination to the type of ^ed bed provided is also 

* Niabet, ScUich, oj>p. cit. • Lankestar , The Kingdom of Man, p. 31, 1907. 
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discussed and it is pointed out that while generally no inherent difficulties 
are met with to prevent natural regeneration in the Damp Oakwood, seed beds 
of an unfavourable kind became more frequent as we pass from the Dry Oak- 
wood to the Oak-birch-heath associations. 

The efficacy of the mildew in producing fatal effects on oak seedlings is 
shown to be greatel on sandy soils than on clay, and the bracken, by its in- 
creasing frequency in the Dry Oakwood and Oak-birch-heath associations, 
by greatly diminishing the supply of light and impairing the vitality of the 
seedlings, materially assists the fungus in producing these effects. 

Summing up one can say that the chances of success decrease as we pass 
from the Damp Oakwood association to the Dry Oakwood and from the latter 
to the Oak-birch-heath — a fact to be taken into consideration by the forester 
when he contemplates the natural regeneration of his oakwoods. 

In conclusion, to Mr Tansley; who suggested the subject to me and who 
helped me throughout by kindly criticism, advice and discussion, I am espe- 
cially indebted. To Mr Roberts and Mr McKenzie, foresters on the Cowdray 
and Didlington Estates respectively, I am also indebted for the interest they 
showed and the assistance they gave in the carrying out of some of the ex- 
periments. Finally I acknowledge my obligation to the Carnegie Trustees for 
the financial assistance necessary to carry out the work. 
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A PRELIMINARY NOTE ON THE ECOLOGY OP PART 
OF THE SOUTH LINCOLNSHIRE COAST 

By L. F. NEWMAN and G. WALWORTH. 


The following notes are the result of a survey carried out by the authors at 
the request of the Land Reclamation Board. The Board have kindly granted 
permission for separate publication of the data obtained pending a further in- 
vestigation of the more important points of interest suggested by the results. 

The salt marsh and sea-wall surveyed stretch from (Jibraltar Point on the 
north to the mouth of the River Witham below Freiston shore on the south. 
The strip of marsh varies from about 200 yards to nearly a mile in width, 
extending along the coast for 1 7 miles. The sea-wall separates the marsh from 
reclaimed silt, which forms exceedingly fertile land, and consists of an earth 
bank 20 yards wide at the base and 15 — 20 feet high. It was constructed 
about 70 years ago when the last enclosure on a large scale took place. 

In Types of British VegetMion (pp. 330 et seq.), salt marsh is divided into 
five associations, but it was found that the district in question could not be 
mapped on this basis, especially for the purpose of the Reclamation Board. 
The zones or associations finally adopted were very well defined and constant 
in type. 

The lists of plants identified in each zone and also from a pasture and 
meadow adjacent to the wall on the landward side indicate the species oc- 
curring in the months of July — August. 

(A) Bank zone: the sea-wall, with a settled type of pasture vegetation 
closely fed by sheep. In the north this was a well-established mixture with 
Loliuni perenne and Arrhenatherum avenaemm as dominants. In the south 
it passed to typical calcareous clayland pasture, but throughout the length 
of the wall calciphilous plants commonly occurred. For purposes of con- 
venience a division was made at Wrangle (about midway) as this point marked 
a natural separation of the types mentioned. 


(a) Part extending N. of Wrangle. 


Hordeum murimum 

H. arenarium 
« 

Cynosurus cristatus 
Arrhenatherum avenaceum 
Spartina striota 
Agropyrum junceum 
Poa annua 


Aira flexuosa 
Glyceria maritima 
Lolium perenne 
Festuca rubra 
F. duriuscula 
Dactylis glomerata 
Bromus mollis ^ 


Luzula campestris 
Carex Goodenowii 
Juncus Gerardi 
Ranunculus acris 
R, repens 

Senebiera Ooronopus 
Cochlearia officinalis 
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Oapsella bursa pastoris 
Cerastium tetrandrum 
Spergularia salina 
Malva sylvestris 
Geranium molle 
Lotus oorniculatus 
Trifolium repens 
T. pratense 
T. minus 

Medicago lupulina 
Galium verum 


Cm’cus lanceolatus 
C. arvensis 
Carduus nutans 
Beilis perennis 
Achillea millefolium 
Artemisia maritima 
Crepis virens 
Hypochaeris radicata 
Taraxacum officinalis 
Glaux maritima 
Armeria maritima 


Plantago lanoeolata 
P. Coronopus 
P. maritima 

Salicornia spp. (annua type) 
8uaeda maritima 
Obiorie portulacoides 
Atriplex hastata 
A. littoraJis 
Polygonum aviculare 
Urtica dioica 
Triglochin maritimum 


(fe) Part extending S, of Wrangle, 

'The same species occurred as in {a) but with the following additions: 


Phragmites vulgaris 
Aira caespitosa 
Holcus mollis 
H. lanatus 
Agropyrum repens 
Briza media 
Linum catharticum 
Geranium dissectum 
Vicia sepium 
V. Cracca 
Lathyrus pratcnsis 


Trifolium procumbens 
Daucus carota 
Caucalis nodosa 
0. Anthriscus 
Chaerophyllum sylvestrc 
Galium Aparine 
Aster Tripolium 
8enecio vulgaris 
S. Jacobaea 
Centaurea nigra 
Tragopogon pratensis 


Leon tod on hispid us 
L. autumnalis 
Sonchus oleraceiis 
Limoniuni vulgare 
Primula veris 
Rhinanth us Crista -gal li 
Plantago media 
P. major 
Rumex Acetosa 
R. sanguineus 


It will be seen from the above lists that the bank flora includes a con- 
siderable number of calciphilous species, especially on the southern portion 
of the bank, and this was emphasised by the fact that such species as Reseda 
luteola and Onoyiis spinosa occurred behind the wall. Nearly all the land 
behind the bank is under arable cultivation, but near Wrangle tw^o grass 
fields were found, one of whi(*h was a derelict pasture and the other a meadow 
cut for hay. The following plants were identified in these: 


Pasture 


Holcus mollis d. 

H. lanatus d„ 

Lolium perenne d. 
Plantago lanct^olata d. 
Cynosurus oristatus d. 
Lotus corniculatus d. 

Aira caespitosa 
A. flexuosa 
Dactylis glomerata 
Bromus mollis 
Arrhenatherum avenaceum 
Festuca rubra 
F. ovina 
Poa pratensis 
Hordeum murinum 


Ranunculus repens 

R. acris 

Sinapis nigra 

Cerastium vulgatum 

Potentilla anserina 

Linum catharticum 

Medicago lupulina 

Trifolium repens 

T. pratensis 

T. minus 

Galium verum 

Beilis perennis 

Cnicus arvensis (white form) 

C. lanceolata 

Achillea millefolium 

♦ Occurring on bank of pasture. 


Taraxacum officinalis 
Senoeio Jacobaea 
Oepis virens 
Hypochaeris radicata 
Anagallis arvensis 
Prunella vulgaris 
J uncus articvilatus 
Can‘x Goodcnowii 
Kfluisetum arvense 
Agropyrum junceum’'' 
Vicia sepium* 

V. Cracca* 

JJaucus carota* 

Urtica dioica* 
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Trifolium repens 
Taraxacum ofRoinalis 
Cnicug arvensis 
Plantago major 
P. lanceolata 

(B) Bank base zone. Along the seaward base of the wall a narrow strip 
10 — 20 feet wide formed a well-marked zone with Agropyrum junceum and 
S'partina stricfa as dominants : a similar association was found in small scattered 
patches over the marsh, wherever an elevati’on of two fe6t or so occurred, 
especially along the upper margins of the low cliffs (also about two feet in 
height) which apparently arose from the erosion of higher areas. Although 
Agropyrum junceum is very coarse these patches were subject to attack by 
sheep and cattle. All these areas were grouped together and mapped as 
‘'bank base zone.” They are only liable to infrequent submergence. 


Meadow cut for hay. 

Phleum pratense d. 

Holcus mollis d. 

H. lanatus d. 

Dactylifl glomerata d 
Cynosurus cristatus d. 


Lolium perenne 
Hordeum murinum 
Bromus mollis 
Ranunculus repens 
Trifolium pratense 


Dominants. 

Agrop 3 num junceum Festuca rubra 

Spartina strict??^ F. ovina 


Occurring generally 
Coohlearia officinalis 
Spergularia salina 
Cnicus arvensis 
0. lanceolata 


Carduus nutans 
Artemisia maritima 
Armeria maritima 
Obione portiilacoides 


Atriplex hastata 
A. littoraUs v. genuina 
Glaux maritima 


On trodden parts of bank. 

Lolium perenne Poa annua Senebiera Coronopus 

Occasional. 

Salicomia spp. (annua) Suaeda maritima 


(C) Festuca rubra zone. A well-marked area with Festuca rubra as domi- 
nant associated with much Spergularia salina and Glaux maritima forming flat 
lawn-like patches only submerged at specially high tides and closely grazed 


by sheep. ^This association was mainly 
marsh. 

Dominants. 

Festuca rubra 
F. dmiuscula 
F. ovina 

Occurring generally. 

Coohlearia officinalis 
Armeria maritima 
Artemisia maritima 
Occurring occasionally. 

Limonium vulgare 
Trigiochin maritimum 
Suaeda maritima 


restricted to the northern end of the 


Spergularia salina 
Glaux maritima 


Plantago maritima 
Aira caespitosa 
A. flexuosa 

Obione pOrtulacoides 
Salicomia spp. (annua) 
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* 

This zone mainly covered the better drained parts of the marsh* It is 
usually fairly heavily sheeped and, generally speaking, was on the more sandy 
areas. Where Obione did occur it was restricted to the small pools and water 
channels. 

(D) Intermediate zone. Areas of intermediate vegetation showing many 
of the characters of the FeStuca zone but containing abundant Obione portu- 
lacoides so that Festuca and Obione were equal dominants. The plant association 
was however fairly constant in type and warranted separation as an inter- 
mediate zone. 

Dominants. 

Festuca rubra Obione portulaooides 

F. duriuscula Suaeda maritima s.d. 


Occurring generally. 
Glycoria maritima 
Agropyrum pungens 
Artemisia maritima 
Spergularia salina 


Armeria maritima 
Limonium vulgare 
L. reticulata 
Triglochin maritimum 


Aster Tripolium 
Glaux maritima 
Salicornia spp. (annua) 
Plantago maritima 


Triglochin maritimum, lAmoniu/m xmlgare and Aster Tripolium> were rather 
rare in the northern part of the marsh, but at the southern end (Freiston) 
they became sub-dominants. 

Salicornia spp. (‘‘anm/a”) increased seawards until they passed into the 
Salicornia- Festuca zone.” 

Obione was mainly restricted to the water channels and pools, otherwise 
in small isolated colonies. 

Artemisia occupied little elevated hummocks wherever they occurred, 
whilst the larger hummocks and cliff edges passed back into typical “Bank 
base zone.” 

(D 1) Festuca- Agropyrum zone. This occurred at the southern end of the 
marsh on water-logged areas, and was marked by the equal dominance of 
Festuca rubra and Agropyrum pungens. 

Species of D {Intermediate zone) occurred in very small number^. 


(E) Obione zone.. Areas of almost 
Obione portulacoides d. 

Occurring generally. 

Festuca rubra 
F. duriuscula 
Aira flexuosa 
Glyoeria maritima 

Occurring occasionally. 

Spergularia salina 
Cochlearia officinalis 
Salicornia spp. (annua) 


continuous Obione j)orfulacoides. 
Suaeda maritima s.d. 

Triglochin maritimum 
Limonium vulgare 
Aster Tripolium 


Armeria maritima 
Plantago maritima 
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This was the most extensive zone, large areas being covered with a thick 
almost continuous mass of Obione, the other plants of the zone only occurring 
in patches. The Obione passed practically down to normal tide limit in most 
of the areas occupied, thus indicating the great powers of resistance to sea 
water submergence, 

. It would appear that for purposes of land reclamation, Obione zones present 
considerable difficulties, for the herbage is coarse, practically uneatable by 
sheep and possessing tough perennial root-systems. 

(F) Festuca-Salicornia zone. At about average high tide level a well- 
defined band of Festuca rubra in clumps with Salicornia spp. growing between. 

Festuca rubra in clumps d. Limonium vulgare o. 

Salicornia spp. between the clumps d. Plantago maritima o. 

Suaeda maritima s.d. Obione portulacoides o. 

Aster Tripolium o. Algae spp. o. 

This zone formed a narrow band , round high tide level, being a connecting 
link between the Salicornia zone and the real herbage areas. It passed into 
the Intermediate and Obione zones and appears to indicate that Festvha forms 
are more resistant to tidal action and sea water submergence than any other 
type of marsh plant with the exception of the Salicornias. The area included 
in this zone is much broken by tidal action and water channels, and consists 
of a series of small clumps of almost pure Festuca with Salicornia between the 
clumps. 

(G) Salicornia zone. This consisted of species of Salicornia pure or nearly 
pure. 

Salicornia spp. d. Festuca rubra r. Algae spp. r. 

The following forms of Salicornia: 

A. Perennial forms : B. Annual forms: 

Salicornia radicans Salicornia annua 

S. lignosa S. ramosissima 

Moss^ records no perennial forms of Salicornia farther north than Norfolk, 
but two distinct areas of perennial spp. were discovered, one at the extreme 
north and the other at the extreme south of the area under survey. Typical 
specimens of both S. radicans and S. lignosa were removed. Very diverse 
types of S. annua were noted, including a small bright scarlet form, but the 
writers consider the present classifications of annual Salicornias are too in- 
definite to venture any further separations than the above. 

The zone occupies the mud flats and varies considerably in width. It lies 
beyond the “true vegetation limit” as defined by the Ordnance Survey and 
fringes the whole length of the marsh. 

* Cambridge British Flora, Vol. ii. p. 189. 
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(H) Algos- Zostera zone. A narrow strip about a quarter of a mile below 
high tide and well beyond the Salicornia zone” is covered with patches of 
varying density. These consist of Zostera marina, Z. nana and associated algae. 
Further observations will be necessary to provide a complete list of the 
forms occurring here. 

As is usual in maritime marshes the number of species is restricted, but 
the ground is covered with vegetation down to, and in some cases below, the 
ordinary tide line. 

The marsh is liable to flood at the highest tides of the season right up to 
the bank, but the ordinary high tides just wash the outer fringe of vegetation 
above the Salicornia zone, while at low tides a strip of silt or mud varying in 
width from one to four miles is left exposed. 

The salt marsh is irregularly dotted with shallow pools replenished at 
spring tides and is more or less drained by a series of dykes or ditches empty 
at low tide but filling up with the flood and carrying off the water at the ebb. 

The following analyses of soils taken from the various zone areas were 
carried out by Mr E. J. Roberts of the School of Agriculture, Cambridge, who 
kindly supplied the figures from his data. 


Salicornia zone Obione zone Interinodiate zone FeHtuea zone 
Friskney Freiston Wrangle Kriskney 


Marhaniral 

topsr)il 

subsoil 

topsoil 

subsoil 

topsoil 

su bsoil 

toj)soil 

subsoil 

Fine gravel 


— 

— 

0-01 

— 

— 

-- 

— 

( -oarse sand 

005 

0-05 

0-10 

0-01 

0-15 

0-05 

0-2(» 

0-05 

Fine sand 

84-80 

84 30 

20 75 

35-80 

37-95 

40-25 

38-75 

55-35 

Coarse silt 

1 (>5 

1 -35 

16-05 

15-40 

20-30 

21-50 

15-63 

10-60 

Fine silt 

0-05 

1-15 

9-83 

10-28 

11-65 

9-58 

10-33 

7-26 

Clay 

1-14 

M9 

20-58 

20-18 

13-48 

13-98 

13-38 

9-93 

I^oss on ignition 

:b20 

3 40 

11-65 

9-13 

9-50 

5-90 

S-00 

5-90 

Residual moistu re 

0-50 

0-10 

2-13 

1-56 

1-80 

1-60 

2-70 

1-30 

('he mi cal 

Nitrogen 

0-034 

— 

0-212 

— 

0-281 

— 

0-165 

— 

Potash 

0-221 

— 

0-836 

— 

0-640 

— 

0-666 


Ph osph or u s pen tox ide 

0-056 


0-088 

— 

0-090 

— 

0-072 

— 

Cal ei u in carbonate 

8-325 

-- 

11-00 

__ 

2-65 

— 

9-10 


Sodium chloride in^ 

])arts per million in 1 

1292-5 

— 

2157-5 

— 

l<!65-0 

— 

1260-0 

— 

1 — 5 soil solution J 

insoluble in stronirl _ . ^ . 


84-75 



66-13 



75-69 



71-75 

— 

hydrochloric acid ) 


The information obtained from the preliminary survey of the marsh has 
indicated several important points which need further investigation and also 
a series of observations at other periods of the year when the plant lists could 
be extended and completed for the whole year. The main points of interest 
to be elucidated are: 

(1) The relative stability of Ohione portulacoides. 

(2) The types of plants most suitable for silt collection. 
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(3) The rdalive fertility of the diSemit zone aieas. 

(4) The relative power of invasion of the zones indicated. 

(5) The relation of the associations to the underlying soils. 

The soil analyses show a high percentage of calcium carbonate and this is 
reflected in the vegetation especially on and near the sea-wall. The relative 
proportion of sand and nitrogen in the Salicornia zone and the more settled 
regions contrasts remarkably and illustrates the inability of Salicornia alone to 
hold up silt which Ohione and Festnca appear to do successfully. 

We regard the above survey as indicating the advisability of separating 
the accepted salt marsh associations into further subdivisions. These sub- 
divisions although well^narked and quite definite merge into each other and 
may indicate transitory stages in progression or retrogression of land and 
jiurely maritime plants. It appears that in this particular region the land 
flora is gradually gaining dominance over pure salt marsh vegetation as the 
land level rises, a condition that would be expected in the Wash area. 

The authors ate indebted to Mr F. Hardy who assisted in the survey as 
geologist; to Mr E. J. Roberts for permission to use examples from his 
detailed soil survey of the area, and finally to the Director of the Land 
Reclamation Board for permission to publish separately these notes of the 
survey undertaken by them for the purposes of the Board. 


NOTICES OF PUBLICATIONS OF GENERAL 

BEARING 

WOODLANDS AND NITRIFICATION 

Heszelman, H. (1 ) “ Studier over saltpeterbildningen i naturliga jordmaner 
och dess betydelse i vaxtekologiskt auseende.” Meddel. fran Statens 
SkogsfdrsoksansUilt, 1917, Heft. 13-14, p. 297. 

(2) “ Om vara skogsforyngringsatgarders in verkan pa saltpeter- 

bildningen i marken och dess betydelse for barrskogens foryngring.” 
Lx. 1917, p. 923. 

(1) This paper is supplied with a resume in German. It is a lengthy and important 
contribution to the ecology of woodlands. The problem attacked is that of the nitrogen 
in the soil in woodlands and its transformations to assimilable forms. The methods 
employed are partly bacteriological, and partly chemical tests on living plants. The soil was 
tested for nitrifying and denitrifying power in solutions and also its power of accumulating 
nitrates was measured. Tests were made for the presence of nitrates in shoots and 
leaves. Full tables of the results of the soil experiments are given. The paper commences 
.with a general account of the nitrification of the soil in various types of Swedish vegeta- 
tion. Lists are given for the various localities described, with frequencies appended. Also 
in each list the reactions of the tissues of the principal species are given. 
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woods have a soil with a leaf mould type of humus. Nitrification ia foimd to be 
constantly taking place and nitrates can be demonstrated in the tissues of many species 
in spring. Soil samples showed active nitrification and denitrification and stored samples 
accumulated considerable quantities of nitrate. 

Mixed dicotyledoTious woods with QuercuSy CarpinuSy UlmuSy FaguSy etc. also have a leaf 
mould t3rpe of humus. Nitrification is here very active — in some cases even more so than 
in Beech woods, especially in rather damp shady parts. 

Woodrnmdows (Laubwiesen) comprise a series of assocfiations which contain in S. Sweden 
elements of the oak wood fiora and that of much more open places. They are very rich 
floristically. In N. Sweden they differ in composition, Betula, Alnus and Salix being the 
chief woody plants and the herbaceous vegetation of much more subarctic description. How- 
ever the physiognomic similarity is very great. The soil generally has a leaf mould character 
and shows active nitrification though less than in the previous types. 

Ravine woods (Hainidichen) occur along the borders of streams. They are markedly 
nitrate forming and most of the plants show a marked reaction. 

Alder woods are composed of Ainas glutinosa on the Baltic coast and of A. incmm in 
N. Sweden. These were found to be the most markedly nitrate forming associations ex- 
amined. The majority of the plants of the ground flora have a high nitrate content. 

The conifer forests are divided into two types according to their type of ground flora — 
a herbulent ” type and a mossy type. Herbulent spruce woods occur especially on calcareous 
rooks and have a rich tall growing ground vegetation. The soil has a well developed leaf 
mould humus. The plants however, even strongly nitratophilous species, seldom show any 
nitrate reaction, though nitrifying organisms are present. The accumulation of nitrate in 
stored samples is rather small. Pine woods of the same type are also described. 

The mossy tyi>e of conifer forest with its monotonous ground flora of mosses and 
ericaoeous undershrubs is however very much more abundant in N. Sweden. The humus here 
is a “raw” humus and forms a distinct layer on the surface. Where the ericaoeous plants 
become important the humus becomes peaty in character. Tinder this humus is a layer of 
bleached soil of varying thickness overlying a rusty brown layer which however rarely has 
an “ortstein” character and is readily penetrable. The humus has a distinctly acid reaction. 
No nitrification occurs in solution here and denitrification also is absent. Stored samples 
also form very little' or no nitrate, the amounts being below the limits of experimental 
error. The trees and plants in these woods must obtain their nitrogen either as ammonia 
or in an organic form. 

Pine Heaths with a ground flora of lichens and heath plants showed a similar entire 
absence of nitrification. 

Peat hogs (Torfboden) have a soil very unfavoui'able to nitrification with stagnant water 
and a strongly acid reaction. When the water is in rapid motion however nitrification can 
be found. Round springs and stream edges a nitratophilous flora occurs, in which nitrates 
can be demonstrated in the tissues. In lowland moors (Niederungsmoor), which however 
from the lists approach rather to marshes, nitrates can be found in plants by rapid flowing 
water. In dry drained peat active nitrification may occur. 

Among examples of alpine vegetation some of the most active nitrification has been 
found especially by chaimels either from springs or water of melting snow. 

Rook plants were found to possess in all cases a high nitrate content and the same is true 
of colonizing plants on bare mineral soils. A few observations on sea coast plants and culture 
associations also indicate a high nitrification power in the soil. 

The various vegetation types show great constancy in regard to nitrification in various 
parts of the country. Further, in soils with active nitrification the plants tend to be auto- 
trophic while when nitrification is absent they are raycotrophic (i.e. with mycorhiza). 
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Woodlands and Nitrification 

The whole question of soil acidity is closely associated with the form of nitrogen avail- 
able, nitrates being physiologically basic and ammonium compounds acid, but the cause is 
something different as in certain acid soils nitrates are present. 

Plants show very great variations in the nitrate content of their leaves and the absence 
of a reaction cannot be taken to indicate absence of nitrification. 

Certain plants, called nitratophiJous plants, show a decided tendency to accumulate 
nitrates, giving at times a strong reaction when the nitrification in the soil is very slow. 
Two of the most strongly nitratophilous plants arc Epilobivm angustifdUunt and Uuhns 
Jdaem, Both plants have a wide range of light values and soil moistures, but a necessary 
condition for their existence is the power of the soil to build nitrates. Young plants always 
give a reaction but older ones do not. These and some other species act as a Vfiry valuable 
guide to the forester in estimating soil conditions. 

Soils washed by flowing water nearly always show^ the nitrate reaction in plants, but 
storage of samples often shows no increase; when the sample is supplied with air kept in 
rapid motion a big increase occurs. 

In sharp contrast to the nitrates forming soils are those of the mossy conifer woods. 
The climate of Sweden is markedly favourable to rapid leaching of the soil and the ac- 
cumulation of raw humus: under those conditions no nitrification is possible and in the 
northern parts such conditions arise even when the underlying soil is calcareous. 

This is especially so on level or very slightly sloping localities. On steeper slopes the 
leaching process is not so effective and a leaf mould type of humus results with the herbulent 
spruce woods with nitrification in the soil. The presence of lime in peat soils is generally 
evident and leads to a fen type of vegetation. Where peat is supplied with water containing 
lime, many calcicole plants appear, especially at the margins of swamps. An extreme case of 
this is figured, where Cypripedium caleeolm is shown growing in a mass of Sphagnum f mcum. 

In viewing the geographical distribution of the various plant communities, the import- 
ance of the local conditions leading to one or other of the various types of humus and its 
consequent power or otherwise of nitrification is very evident. 

(2) The second paper, which has a resume in English, is an extension of the work of 
the first one especially in relation to the problems of forest regeneration. 

When foiest is cut or an opening occurs and an increased illumination is admitted, a 
much more prolific and often much more varied flora appears. The causes certainly lie 
deeper than the admission of more light. The plants are very often those that accumulate 
nitrates in their leaves. 

In the herbulent coniferous forest nitrate is found in the soil, but the formation is not 
active and none can be detected in the plants. Clearings however show a very vigorous growth, 
often so luxuriant as to prevent tree growth, and much nitrate can be found in the plants. 

In the mossy conifer wood there is no nitrate formation. The humus forms a distinct 
crust on the ground and is acid. After a cutting changes occur, scattered nitratophilous 
plants occur and some nitrification can be found in the soil. Two years after cutting nitrifi- 
cation is vigorous, and humus becomes much more mould-like and less acid. This change 
is entirely independent of any preparation of the ground for a new crop. 

In other forests, especially those of Norrland, quite different results follow felling. The 
humus here has a much more peat-Jike character and may be 7 — 9 cm, deep. Vaccinium 
is the chief ground plant. 

The regeneration of these forests is an important economic question and neither clear 
felling nor select cutting has led to natural regeneration. The soil shows no nitrifying 
organisms and no nitrate is formed from ammonium sulphate. Denitrification is also absent. 
After cutting, Deachurnpma flexuosa rapidly becomes dominant. The humus often lessens in 
quantity and becomes more mould -like but no nitrification results. 
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In the neighbourhood of old stumps or where brushwood has been left, plants of 
Epilobium angtcstifoUum and R'uhm Idaeua may appear. Mouldering timber favours the 
transformation of nitrogen to nitrate, though dry and slowly decaying branches have no 
effect. Exactly the same effects and the same appearance of these nitratophilous plants 
can be seen round small forest saw mills. 

In the neighbourhood of upturned roots and where the mineral soil is mixed with the 
humus a nitratophilous flora appears, which gives strong nitrate reactions; the soil from 
such places was found to form nitrates. A preparation of the soil by a cultivator causing 
a mixture of humus with the underlying mineral soil leads to strong nitrification. 

Forest fires are very common in these woods; so common indeed that it is difficult to 
find an area without charcoal remains in the humus. Both the species mentioned above 
are common on burnt ground. Burning causes a complete change in the bacterial flora, 
nitrification and denitrification become active, ammonium sulphate is oxidized to nitrate 
and larger quantities of ammonia are formed from peptones. The power of nitrification 
may be retained as long as 12 — 25 years, but is often lost quite soon. 

Nitrate forming bacteria aie evidently very widely distributed in nature, and where not 
found, the conditions aie unfavourable for their development. Probably infection of the 
soil is continually going on but development is only possible under certain conditions. By 
comparison with the results obtained with Azotobacler which can only live in presence of 
bases, it seems reasonable to suggest that nitrifying organisms have similar demands. The 
results of the experiments seem to show that the presenije of electrolytes is necessary for their 
development and this is adopted as a working hypothesis. 

The effect of cutting and admission of light would thus not be due so much to the light 
itself as to the increase in oxidation and evaporation, both of which tend to produce 
electrolytes in the surface layers. 

In the Norrland forests the introduction of electrolytes is much less, the mouldering of 
the humus is less, and owing to the mucdi deeper layer of bleached sand below the soluble 
salts raised by evaporation are very much less. The quesstion of how' the salts work vs at 
present purely in the i>oaition of a hypothesis. 

It is well known to foresters, especially in the Norrland forests, that there is a vt'ry close 
parallelism between natural regeneration and nitrification in the soil, and wdierever it has 
been shown that nitrification has been permitted regeneration occurs even under a dense 
canopy. In the herbulent forests the very vigorous growth is often too strong for the 
young trees, but regeneiation is active in small gaps when the light restricts other plants. 
Where the nitrogen is not transformed to nitrate, natural regeneiation is slow or absent: 
and young plants of pine or spruce grow very slowly. Again under these conditions regene- 
ration demands a much greater degree of light. Some experiments have been earned out 
on the question of the demands of young trees. Young plants of Finns in a soil that allows 
nitrification grow better, have longer annual shoots, longer and darker green needles, and 
are altogether larger and more healthy than those grown in humus with no nitrification. 
Exactly the same thing can be seen on comparing pine seedlings growing in natural wood- 
lands. For Pine apparently the nitrification of the humus is of very great importance in 
early youth. The same holds good in the main also for Spruce. This tree is also more 
responsive to nitrates in mature life. 

Nitrification is not an indispensable sine qtia non for regeneration of conifer forests, but 
a very favourable factor. 

Both papers are illustrated with a number of excellent photographs, very well repro- 
duced as text-figures. Some of the photographs are so good that it seems a pity they are 
not on superior paper. 


R. S. A. 
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INVESTIGATIONS ON SOIL, ROOTS, ETC. 

Hartwell, B* I«., Pember, F. and Howard, Ii. P. “ Lime Require- 
ment as determined by the Plant and by the Chemist.” Soil Science, 
7 , 1919, p. 279. 

The experimentB were carried out on four permanent plots at the Rhode Island station. 
In the experiments hmc and fertilizers were added two weeks before planting. After 
maximal crops from liming had been obtained the soil still showed a requirement of 5000 lbs, 
and when this was made up by adding 4000 lbs., lettuce, a strongly acid-intolerant species, 
showed a depression in growth due to “acidity.” Analyses showqd that not more than 1 % 
of the Hme remained as carbonate. 

Limed soils showed little gain from addition of nitrate of soda. When lime requirement 
was completely made up lettuce showed less growth than when smaller amounts were added. 
Rye and barley are also affected by acidity but rye is not benefited by lime as much as 
barley. The plants were equally affected by soil solutions or by a solution of the ignited 
residue. This last was found to contain considerable quantities of aluminium. The addition 
of aluminium sulphate to nutrient solutions depressed the growth of seedlings conisiderably, 
much more with barley than with rye. The toxicity of aluminium sulphate is due to hydrolysis 
and consequent acidity. The hydrolysis in nutrient solution is sufficient to produce J the 
hydrogen-ion concentration produced by the required acid. 

The eliminatioin of toxic effects of aluminium is much more important than the neu- 
tralization of acidity. It can bo rendered inactive by an acid phosphate. Lettuces showed 
a marked reaction when this was done. 




Lime requirement at 

Growth of lettuces 

Acid phosph. added 

close of expt. 

0 

0 

8300 

74 

14 tons per acre 

9000 

272 

28 „ „ „ 

12000 

201 

2 tons lime per acre 

5^ 


Hibberd, P. L. ‘‘Changes in Composition of the Soil and of the Water 
Extract of the Soil following the Addition of Manure.” Soil Science^ 
7 , 1919, p. 259. 

Fresh horse manure was added in vjarying proportions to soil and analyses made at 
intervals up to 395 days. At each analysis the original manure in a 1 : 10 extract was 
examined and also a 1 : 5 extract of the soil. 

The following were the chief results: 

The COa in the soil atmosphere was increased, especially at the commencement of the 
experiment. The amount was proportional to the amount of manure added. 

The total carbon showed a decrease which was rather rapid and in proportion to the 
manure added. The total nitrogen does not vary within the limits of error of the experiment. 

The total soluble material showed an immediate decrease in proportion to the manure 
added, followed by an increase, but at no time was the soluble material equal to the sum 
of that in manure and in soils. The decrease is especially in organic matter, potash and lime. 
The cause of this is obscure. The fixation differs with different soils; subsequent experi- 
ments with rotted manure showed much less. The nitrates almost disappeared immediately 
after mixing, but later showed a gain in amount, the gain being greater the greater the 
amount of manure added. This initial loss and subsequent gain is ascribed t 4 ) biochemical 
activity. The effect of adding manure is not simply additive and the oxi^riments do not 
indicate an increase in solution of calcium, magnesium, sodium and potassium due to changes 
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from orgunk to inorganic acids. The increase in water soluble material can be accounted 
for largely by that derived from the mineral matter in the manure. But the experiments 
were too short to show the whole effect. 

Ddsdalli Louife. “Water Requirement and Adaptation in Equisetum.^^ 
Plant World, 22 , 1919, pp. 1-29. 

The water used by Equiaetum has been compared with that of Bryophyllurn, Heliardhus, 
Phaaeoltts and Ranunculus scderatua. 

Owing to the depth of the rhizomes some difficulty was found in transplanting Equiaetunu 
It was found best to dig up rhizomes in autumn and plant buds in pots. Potometer ex peri 
ments were not successful. The wilting coefficient was determined by the method of Briggs 
and Shantz. This was done both with separate plants and by growing Equisetum in the 
same pots as mesophytes. The wilting coefficient readings were always higher than for the 
other plants and in the same pot experiments the horsetails uniformly wilted first. 

The transpiration per unit area of Equisetum fiuviatUe is also higher than that of 
other plants, 2 to 4 times that of Hdianthus and Phaseolus Sind 10 times that of Bryophyl- 
lum, while even compared with Ranunculus sceleraius the loss is greater in the value of 10:8 
or 9. Eq. arvense loses and Eq. hiemale J the amount of Eq. fliivialile. All three species 
showed vigorous guttation at the nodes. 

Wh<?n transpiration and assimilation are compared Equisetum flnviaiih is found to 
transpire 1-5 times as much as Hdianthus and 2*3 times as much as Phaseolus^ but He- 
lianthus builds 1*8 times the amount of carbohydrates and Phaseotus 3 times as much. 
The figures refer t/O equal areas. The guard cells of the stomata are found to be jK^rmanently 
open and to show no difference in light or darkness. 

The species examined showed no structural adaptation with change of habitat. 

The water requirement of Equisetum is relatively large and Eq. fiumalih can be regarded 
as a true hydrophyte. The xeromorphism is due to ancestral featui’es. 

Waterman, W. 0-. “ Development of Root Systems under Dune Con- 

ditions.” Bot. Gaz., ear, 1919, p. 22, 17 figs. [Contrib. Hull Bot. 
Lab. 250.] 

The area on which the investigations were made is part of the sand-dune complex of 
Lake Michigan. The soil is a fairly homogeneous blown sand with a considerable per- 
centage of calcium carbonate. It shows a very unequal distribution of organic matter 
formed by old soil levels and buried plant remains. Part of the carbonaceous material in 
the soil may bo due to soot from steamers which accumulates on snow and is subsequently 
buried. The water content varies from a 2 % average on open dunes to 7*5 % on the 
underlying glacial deposits: the wilting coefficients are 0*5 % and 3-3 % respectively. 

In studying the development of roots, seedlings^and young plants were especially ex- 
amined. The conditions of germination wore also studied and some experiments carried out. 
From the studies of living plants in situ and-under experimental conditions the difficulty 
of penetration of the soil never seemed a factor in root development, and except in the 
case of Salix spp. water content is not a causal factor. On the other hand chemical sub- 
stances undoubtedly alter the root development. This is especially marked in the case of 
Prunua pumila. The seeds of this plant germinate when buried in 1-2 ins. of sand. The 
growth of the root system is generally asymmetric and irregular. The irregularities in 
nature are connected with the distribution of decayed or decaying plant remains in the 
sand. Lateral roots are larger and more branched in the dark layers and roots may 
even reverse their direction of growth when coming in contact with organic matter and 
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pas» along it. The dead twigs etc. are not penetrated by the roots but 
numerous lateral branches are produced. v 

In experimental cultures much more free branching of the roots occut'red when 
Were watered with Knop’s solution than with water. Again if water is suppli^ thi^Ugh a 
porous cylinder containing Knop’s solution there is a marked development oi lateral roots 
in the zone of diffusion which is absent with controls supplied with distilled water. In a pot 
to which one patch of rotted mai\ure was added there w'as a great development of roots just 
below the patch. 

Artemisia candata has also an asymmetric root system, but does not show such a sharp 
relation to organic materi«ls. Its roots seem rather related to water supply and often show 
a high degree of paralhiism with the surface. 

Ammophila does not flourish when there is an appreciable amount of humus. The rbots 
show little relation to organic matter, continuing their growth directions without reference 
to such patches. In seedlings the roots may be inhibited by organic matter, roots reaching 
a patch and not passing beyond. 

Salix shows a vigorous positive hydrotropism. Several other species are described and 
numerous photographs of root systems are reproduced. 

R. S. A. 


THE QUADRAT METHOD 

Weaver, J. E. ‘‘ The Quadrat Method in Teacliing E(a)looy.” The Plant 
PFor/tZ, 21 , 1918, p, 267. 

The quadrat method is of great educational value in dt'monsl j ating to students (1) the 
large number of spe(des oftt^n present in a small area, (2) tb(> number of individuals and con- 
sequent degree of competition, (3) lif(^- histories by study at dilTerent seasons, (4) the form and 
appearance at difforemt stages of dce^elopment. The knowledge arid impressions of vegetation 
ordinarily acquired are apt to be limited and static. Tlie» repeated visits and the close attention 
demanded in recording and studying quadrats teach, among other things, the high mortality 
among seedlings and the difficulties of ecesis, the ephemeral nature of certain species and 
the stability of others, the variations occurring from year to year, and above all the dynamic 
view of vegetation, the habit of logical reasoning and the value of scientific accuracy. Even 
when one year only is available to the student for the study of ecology the above-mentioned 
advantages can be gained by setting up permanent quadrats in different types of vegetation, 
making the students map them and supplying the students with the charts of previous years 
for careful comparison and analysis. In this way the reactions occurring in each quadrat can 
bo discovered and understood by the student. Valuable results have been obtained in 
ruderal areas with quadrats mapped at inteiwals throughout the season, and this exercise is 
particularly useful to students whose taxonomic knowledge is limited. One such quadrat 
contained 10,500 individual plants in April, 206 in J une and 100 in J uly. 
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